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An engineering, procurement, and construction (EPC) project is considered to be a 
variant of the project delivery method of design and build. According to the EPC 
contract, the EPC contractor shall be responsible for project design, procurement of 
the necessary materials and equipment, construction, installation, and commissioning. 
Given China’s rapid economic growth since the 1990s, the Chinese construction 
industry has also been expanding. In 2001, China became a member of the World 
Trade Organization (WTO), moving the country towards being an open construction 
industry. In addition, as Chinese construction firms become more prominent in the 
international construction market, the EPC project delivery method has been 
introduced and developed in the Chinese construction market. However, EPC projects 
are still in their infancy in China. 
 
The aim of this research is to investigate the EPC project performance, critical success 
factors and problems encountered by Chinese construction firms in China. This 
research investigates the performance of EPC projects operated by Chinese 
construction firms in Beijing, Tianjin, Chongqing and Sichuan province. Data are 
collected using a structured questionnaire especially designed for this study. The 
questionnaires were sent to 82 EPC participants in China’s construction industry of 
China; 42 completed questionnaires were received and analyzed, representing an 
overall response rate of 51.2%. Participants included contractors, design institutes and 
viii 
project management firms engaged in EPC projects related to the petrochemical, 
chemical, electronic, metallurgy and building sectors.  
 
The results indicate that Chinese construction firms need to adopt specific approaches 
to improve their cost performance. In addition, based on the analysis of the factors 
affecting working relationships among team members, the effectiveness of project 
management action positively impacts on the EPC project’s performance whereas the 
economic environment has a negative effect. In addition, problems related to client, 
human resource, and financial capability have significant impacts on the EPC project 
implementation. Using factor analysis, a series of 6 problems are extracted from the 
40 primary problems: financial capability, external environment, design, uncertainties, 
project management system, and relationships. Chinese construction firms can 
improve EPC project implementation by mitigating these problems. Thus, Chinese 
construction firms should enhance their financial capability and design capacity; In 
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CHAPTER 1 INTRODUCTION 
 1.1 Background 
Engineering, procurement and construction (EPC) projects are considered to be a 
variant of the project delivery method of design and build. According to the EPC 
contract, the EPC contractor will be in charge of project design, procurement of the 
necessary materials and equipment, construction, installation, and commissioning. In 
this relationship, the client signs a contract with the main contractor, while the main 
contractor might entrust the sub-contractor to complete the design, procurement, and 
construction works. Figure 1.1 shows the general contract chart of an EPC project.  
 
Figure 1.1 EPC general contract chart 
 
The EPC project delivery method first emerged in the U.S. in the 1980s; it was 
primarily used for clients who wanted to fix the project’s investment and delivery 
time in the early stages. Recently, EPC projects have been widely used in the 
international construction market. In 1999, the International Federation of Consulting 
Client/Owner 













Engineers (FIDIC) released the first edition of conditions of contract for EPC projects, 
which became the most commonly used standard forms of contracts for international 
construction projects (PLC, 2010). 
 
China’s economy has made remarkable progress, maintaining a Gross Domestic 
Product (GDP) growth rate of more than 8% per annum from 2000 to 2009. In 2009, 
China’s GDP reached $4.9 trillion (CSYB, 2009). Based on this growth, the Chinese 
construction industry has grown rapidly in recent years. The total value of 
construction industry’s growth rate held more than 15% per annum from 2003 to 2009 
(CSYB, 2003-2009). However, the U.S. subprime lending crisis impacted the global 
financial market, creating a great shock to America’s economy as well (Dou, 2008). 
The subprime lending crisis continues to shock the global economy, and most of 
countries have faced a financial crisis since 2008. Since China is still a relatively 
closed economy, the impact is small, although the economy has still been affected by 
it. Therefore, the Chinese government implemented several policies to stimulate the 
economy in 2008 (SCC, 2008). For instance, the government invested in 
infrastructure construction projects, especially high-speed railway construction. 
According to the Ministry of Railways news, the investment in railways amounted to 
RMB 823.5 billion in 2010 (MOR, 2010).  
 
The EPC project delivery method, together with other types of projects, was 
developed in the 1990s in the Chinese construction market, concurrent with the 
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emergence of China construction firms in the international market. However, EPC 
projects are still in their infancy, and many problems have affected their development 
in China. In order to improve Chinese construction firms’ competitiveness, they 
should develop a mature EPC project delivery method in the Chinese construction 
market (Li & Wu, 2001). 
 
1.2 Construction Industry in China 
Under China’s previous planned economy, the construction industry in China was not 
officially recognized as a separate industry; rather, it was viewed as a subordinate part 
of government investment (Chen & Wills, 1999). After China’s economic reforms, the 
construction industry along with other industries were rapidly developed. In recent 
years, China’s economy has made remarkable progress. From 1993 to 2009, China’s 
GDP maintained an annual growth rate of more than 7% (CSYB, 2009). At the same 
time, the Chinese construction industry was also rapidly expanding. In addition, after 
China’s accession into the World Trade Organization (WTO) in 2001, it became 
widely accepted that China is moving toward a more open and market-driven 
economy and, consequently, the Chinese construction market is booming (ENR, 
2004a, b). To promote this growth, the Chinese government has identified a number 
of business sectors considered to be more suitable and attractive to foreign business 
(Shen et al., 2006). Regulations for investment by foreign investors were issued in 
2002 (SCC, 2002), and construction has since been considered a key industry for 
attracting foreign investment.  
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1.3 Research Problem 
Compared with traditional (design bid build) projects, the EPC and turnkey projects 
are relatively new for Chinese construction market, only being recently introduced 
(Shen et al., 2006). Chinese contractors are familiar with traditional projects (design 
bid build), but they incurred some problems with EPC projects as their roles changed 
when they implemented EPC projects in China. In China, the EPC delivery system 
was first introduced in the petroleum and chemical industry in the 1980s, 
subsequently spreading to other industries, such as the metallurgical industry and 
electronic industry. However, it has not yet become popular in the construction 
industry.  
 
Over the past decade, some works have been undertaken in China on design and build 
and EPC arrangements for various projects. Several researchers have considered the 
application of the EPC procurement mode in China’s construction industry (Xun, 
2003; Chen, 2008; Yu et al., 2010). They made several suggestions to promote the 
development of design and build procurement mode in China. The problems 
encountered during EPC projects were discussed in several studies (Zheng & Chen, 
2004; Wang, 2009). The problems have been classified into four aspects. These are: 
Chinese construction environment, owners, contractors, and inspectors. Zheng (2010) 
and Liu et al. (2009) conducted a simple analysis of EPC project construction risk 
management. Compared to the Design Bid Build procurement mode, the EPC project 
had more uncertainties. Alhrough the previous studies had considered aspects of EPC 
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projects in China, the primary review of existing literature related to EPC projects in 
China highlighted the lack of research focusing on performance on EPC projects 
undertaken by Chinese construction firms. The current research study aims to fill this 
gap.  
 
The following questions are addressed in this study: 
1. What is the EPC project performance when Chinese construction firms implement 
these projects in China? 
2. What are the critical success factors for EPC projects operated by Chinese 
construction firms in China? 
3. What are the problems encountered by Chinese contractors when operating EPC 
projects in China? 
 
1.4 Objectives of the Research 
Over the last few years, the Chinese construction market has rapidly developed, with 
more large-scale construction projects being built. EPC projects as a new type of 
project were also increasingly implemented. A few studies have focused on EPC 
projects’ performance in China. This current research aims to investigate the EPC 
projects delivery method used by Chinese contractors and factors influencing EPC 
projects performance in order to consider the relevance of the EPC procurement 
approach for major construction projects operated by Chinese construction firms in 
China. Thus, the study addresses the following objectives: 
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1. To investigate the performance levels of EPC projects in China; 
2. To determine the key factors impacting on EPC projects’ performance in the 
Chinese construction market; 
3. To discuss Chinese construction firms’ most commonly encountered problems 
when implementing EPC projects in China; and 
4. To recommend solutions for improving Chinese construction firms’ ability in 
EPC projects in China. 
 
1.5 Scope of the Research 
The subject of this study is Chinese construction firms conducting EPC projects in 
China. These firms include design institutes, construction firms, and project 
management firms. In addition, the EPC projects include all types of projects, such as 
those related to chemical, petrochemical, metallurgical, electronic, infrastructure, and 
building sectors.  
 
China’s construction market is very large. To limit this scope, this study focuses 
exclusively on EPC projects in Beijing, Tianjin, Chongqing, and Sichuan province. 
Beijing was selected because it is the administrative capital, and many large 
construction firms are headquartered there; these EPC projects are usually large in 
scale and complex, and most of them are operated by large construction firms. Tianjin 
was selected because Binhai is a new area attracting many large projects and foreign 
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investments in construction. Foreign investment induces many firms to adopt different 
project delivery methods to ensure construction efficiency. Chongqing and Sichuan 
province were chosen because of the level of economic development in these areas. In 
2000, the Chinese government initiated the policy of ―western exploitation‖-an 
unprecedented strategy launched by the central government to ensure the sustainable 
development of western China by injecting financial aid and offering favourable 
policies to speed up infrastructure construction, environmental protection and poverty 
eradication in this region (Shen, 2001). During the tenth five-year plans, the 
government invested large capital into these areas, and many large industry projects 
has been launched. As Figure 1.2 indicates, the annual growth rates of GDP in 
Chongqing and Sichuan province were higher than those from the national level from 

















Figure 1.2 GDP annual growth rates in Sichuan, Chongqing and China from 2000 to 2009 




1.6 Research Hypotheses 
Based on the primary literature review, two general hypotheses are proposed in this 
study: 
 
H1: Several factors, including economic environment, competency of client body, 
clients’ input in the project, competency of contractors’ design consultant, 
effectiveness of project management team, and work relationships among project 
team members may impact the EPC projects performance in China. 
 
H2: Chinese construction firms have problems in certain areas (see Figure 1.3) when 
conducting EPC projects in China. These eight areas include design ability, financial 
capability, organization management system, human resource, procurement, client 
issue, legal and qualification system, and project management system. 
 
Figure 1.3 Hypothesis model 
EPC Project 
Performance 











Statement: This figure only shows the eight areas of problems, the relationships among the areas are 
not considered in this study. 
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1.7 Research Methodology 
A research design was formulated to answer the research question. The survey design 
is considered appropriate because it enables data to be gathered from a large number 
of respondents within a limited time frame. Figure 1.4 summarises the research 
process. 
 
A questionnaire was designed and a pilot study conducted to test the appropriateness 
of the questionnaire format as well as clarify research question boundaries. According 
to the written and verbal comments, the questionnaire formats were finalized. 
 
The next stage was the data collection process. The sets of questionnaires were 
distributed to the target respondents. The researcher collected the data required in 
China from April to July 2011. The process consisted of selecting the sample, 
distributing questionnaires, and conducting interviews. After the data collection, the 
collected data were prepared for the data analysis stage.  
 
The data analysis combined descriptive and inferential statistics. The data were 
analyzed using SPSS software. A simple t-test was used to investigate the EPC project 
performance operated by Chinese construction firms in China. Exploratory factor 
analysis (EFA) was used to group the factors. Multivariate regression analysis was 






The limitation of this study is discussed in the conclusion part (see Section 6.6). 
 
1.9 Structure of the Dissertation 
This dissertation is organized in six chapters. Chapter 1 presents the background, aims, 
and objectives of the research and how the study was conducted. 
 















Figure 1.4 Research process 
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project delivery method, and EPC project development in China. This chapter also 
discusses the comparison of Design and Build (DB) and Design bid Build (DBB) 
approaches as well as critical success factors for projects. 
 
Chapter 3 discusses the research methodology, including the research design and data 
collection method. It also describes the method of data analysis. 
 
Chapter 4 presents the field study in China, including the research survey in Beijing, 
Tianjin, Chongqing, and Sichuan province of China. 
 
Chapter 5 presents the analysis of the collected data from the fieldwork in China and 
discusses the results of the data analysis in order to identify relationships among the 
variables. It also covers the critical success factors of EPC projects operated by 
Chinese construction firms in China and most problems encountered by them. 
 
Chapter 6 summarizes the main findings of this research and suggests proposals for 
future research. In addition, the limitation and contribution to the knowledge and 
practice are discussed in this chapter. 
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CHAPTER 2 LITERATURE REVIEW 
2.1 Construction Industry in China 
The construction industry is one of the oldest traditional industries shaping the 
backbone in China’s economy (Low & Jiang, 2003). It has played a leading role in 
China’s rapid economic expansion, as well as a paramount role in economic 
development.  
 
China’s economy has made remarkable progress in recent years. From 1993 to 2009, 
the Chinese Gross Domestic Product (GDP) maintained an annual growth rate of 
more than 7% (CSYB, 2009) (see Figure 2.1). Figure 2.2 indicates that China’s GDP 
annual growth rate was greater than 8% from 2000 to 2009, and the official GDP 

















1993 1995 1997 1999 2001 2003 2005 2007 2009
 
Figure 2.1 China’s Gross Domestic Product (GDP) from 1993 to 2009 
Source: China Statistical Yearbook (CSYB) (1993-2009) 
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Figure 2.2 China’s GDP annual growth from 2000 to 2009 
Source: National Bureau of Statistics 
 
In 2010, the GDP amounted to close to $5.8 trillion, surpassing Japan as the second 
biggest economy in the world. In line with this growth, the Chinese construction 
industry has also been expanding. Figure 2.3 illustrates the increased gross value 
output of the construction industry from 1993 to 2009. In terms of its size, China’s 
construction industry is relatively huge. As Figure 2.4 indicates, the construction 
industry has been increasingly influential in China’s GDP over the last decade. The 
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Figure 2.3 Construction industry value in China from 1993 to 2009 



















Figure 2.4 Percentage of construction industry to GDP for China 
Source: Chinese Statistical Yearbook (2009) 
 
Chinese construction firms have also made significant progress in the international 
market. Nolan and Zhang (2002) noted that, although large firms from China faced 
many challenges from globalization, China has been able to support the growth of its 
internationalizing corporations because of its potentially huge domestic market and 
powerful and relatively effective state mechanism. In fact, China’s construction 
enterprises have been increasingly involved with international construction projects. 
According to an ENR report, 50 Chinese international contractors were included with 
the top 225 international contractors based on their construction revenues generated 
outside China in 2009 (ENR, 2009). As Chinese construction firms entered into the 
international construction market, in order to meet the host country requirements, they 
must procure the projects in different procurement systems (Low & Jiang, 2004). For 
instance, one Chinese international construction company operated Penang Water 
Supply Project using the design and build approach in Malaysia. Another Chinese 
international contractor used the EPC delivery method on a high rise office building 
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in Doha, Qatar. Therefore, by implementing projects in the international market, 
Chinese construction firms have obtained experience in the non-traditional project 
procurement mode.  
 
2.2 EPC Project 
EPC Projects include three phases of engineering, procurement and construction. 
These three phases are overlapped between each other during implementation of 
projects. The EPC contractor should be in charge of the full lifecycle of a single 
project, including project design, procurement of the necessary materials and 
equipment, construction, installation, and commissioning. The project clients only 
provide the basic requirements or concept drawings; following these requirements, the 
contractor assumes responsibility for carrying out the project. 
 
Engineering/design (E) is the process by which the needs, wishes, and desires of an 
owner or developer are defined, quantified, and qualified into clear requirements 
which will be communicated to the builders or contractors (Yeo & Ning, 2002). 
According to the owner’s brief requirement or concept drawings, the EPC contractor 
completes the project design, construction, and shop drawings. The 
engineering/design phase has the highest level of influence of the project, as many 
key decisions will be made during the pre-project planning and engineering phases. 
These decisions will lead to the commitment of a large sum of the funds and other 
resources necessary for the successful implementation and completion of the project. 
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The design of an engineering system is usually accomplished through a series of steps 
to include conceptual design, preliminary design, and detail design (Blanchard, 1998). 
 
The engineering/design phase is closely followed by the procurement (P) phase. A 
contractor begins to procure project equipment and construction materials upon 
receipt of engineering drawings, specifications, and other relevant documents. The 
main procurement/logistics activities include sourcing, purchasing, contracting, and 
on-site materials management. A contractor begins to construct specified facilities in 
the construction (C) phase according to work packages prepared during the 
engineering phase, using equipment and materials obtained in the procurement phase. 
The sequencing of construction is initially planned to reflect the most logical and 
cost-effective approach to meet start-up and handover dates (Nethery, 1989). A typical 
process model is shown in Figure 2.5. 
 
 
Figure 2.5 An EPC process model (Yeo & Ning, 2002) 
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Figure 2.6 illustrates different procurement methods in the transaction chain of 
procurement, reflecting how clients demand services through different procurement 
methods in the construction market. In the management approach, the client is more 
internalized in the project production process than in the traditional approach. In the 
traditional approach, the client separately appoints the design and construction to 
different parties, generally entering into separate contracts with the design team and 
contractor. In the design and build approach, the client becomes more externalized by 
transferring more responsibilities and risk to the contractor. The client appoints a main 
contractor to take on the responsibility for the design as well as the construction.  
 
At the end of the spectrum, the PFI approach provides an opportunity for the client to 
have the largest degree of direct involvement by externalizing more transaction and 
production activities (Low & Jiang, 2004). The EPC project delivery method as a 
variation of design and build (DB) approach becomes more externalized than the DB 
approach, because the client transfers the responsibility of project’s procurement to 
the main contractor as well as design and construction. In the EPC or turnkey projects, 
the contractors take responsibility for engineering, procurement, construction and the 
commissioning and/or handover. All that remains for the client is simply to ―turn the 
key‖ to open the door.  
18 
 
Figure 2.6 Two transaction chains in international construction (Low & Jiang, 2004) 
 
2.3 EPC Project in China 
Under the old planned economy system (i.e., prior to the 1980s), the Chinese 
government was responsible not only for providing all of the finances for construction 
works, but also for assigning projects to contractors for construction. Project clients 
were various state-owned organizations; their management staff had no responsibility 
for the overruns of budgets and construction time. There was no competition among 
contractors and, therefore, no motivation as well because they were not allowed to 
make profits as the construction industry was considered a non-profit-making section 
in the national economy (Shen & Song, 1998). In the 1980s, the construction industry 
changed the project procurement system from governmental assignments to 
competition through a tendering process. Design and construction works are 
traditionally separate in China and undertaken by two different types of firms-namely 
design institute, and construction enterprises (Mayo & Liu, 1995). The traditional 
delivery method (design bid build) was adopted in the 1980s and became increasingly 
19 
popular in the Chinese construction market (Wang et al., 1998). In China’s 
construction market, the design and build delivery method has yet to be widely used 
as it was only introduced recently (Shen et al., 2006). According to one Chinese 
government report in 2006, less than 10% of the construction projects were delivered 
in the DB methods (China Construction Industry Association, CCIA, 2006). The total 
value of DB contracts undertaken by the top 100 design consultants and the top 60 
contractors makes up less than 5% of the total output of construction industry (Bo et 
al., 2009).  
 
In recent years, the DB delivery method has undergone rapid development and will 
likely be widely adopted considering the prosperity of the construction industry and 
strong governmental encouragement. An estimated 30% of the projects are suitable or 
partially suitable for DB or EPC contracts (CCIA, 2006). However, a huge gap 
remains compared with the international construction market. For example, the 
statistics and prediction of the Design-Build Institute of America (DBIA) on the main 
project delivery systems in non-residential market show that, in 2005, design bid build 
(DBB) accounted for 50%, DB accounted for 40%, and construction management 
(CM) accounted for the remaining 10% of all construction projects. DBIA expected 
the proportion of DBB to decrease to 45%, and the proportion of DB to increase to 
45% in 2010, with the proportion of CM holding constant (Chen et al., 2010).  
 
In the Chinese construction market, EPC projects are mainly involved in petrol 
20 
chemistry, chemical, electricity, metallurgy, and other industry fields, although very 
few projects apply the EPC delivery method in the building construction market. Four 
types of EPC contractors are common in the Chinese construction market: design unit 
for the main body of the general contractor, the construction unit for the main general 
contractor, project management unit as the main general contractor, and joint venture 
of design and construction unit as the main general contractor. 
 
The develop-and-construction, enhanced-design-build, traditional design and build, 
and EPC approaches are the four current design and build variants adopted by clients 
(Bo & Chan, 2008). This is consistent with concept of ―Gong Cheng Zong Cheng 
Bao‖ in Chinese construction law (Construction Law, 1997). Chen et al. (2010) 
verified through a statistical test that the differences betweens DBB and DBB + 
project management (PM) as well as between DB/EPC and turnkey are not significant 
in the Chinese market. The project implementation procedure can be divided into a 
number of key work stages in mainland China. In the construction law of China, the 
construction project is divided into a number of specific stages, as shown in Table 2.1.  
Table 2.1 Work stages of the project implementation 
Project stages Key projects stages in Mainland China 
Project definition Project proposal 
Feasibility study 
Design Brief 
Design Preliminary design Concept/Schematic design 
Design development 
Working drawing 
Construction Construction preparation 
Construction 
Inspection and acceptance 
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Post-construction Operation and Post-evaluation 
Adapted from Bo & Chan (Bo & Chan, 2008) 
 











                                   Develop and construction 
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                          Traditional design-build 
 
 
                    Engineering procurement construction (EPC) 
 
 
Figure 2.7 classifies the four categories of DB projects in the current domestic 
construction market. Develop-and-construction is shorthand for developing the details 
from the employer’s design and constructing the works (Janssens, 1991). The clients 
engage their design consultants to define the project, develop the preliminary design, 
and engage in design development. The successful DB contractor is then responsible 
for the working drawing and construction work. In traditional DB projects, the client 
leaves all the primary design, working drawings and construction work to the 
design-builder. In the enhanced DB projects, the client develops the schematic design 
using his own team of consultants. In EPC projects, the client leaves all of the design 








As a result of the 28
th
 meeting of the 8
th
 National Congress, Clause 24, s. 2, Ch. 3 of 
the Construction Law of People’s Republic of China now encourages the procurement 
of construction projects through design and build (Gong Cheng Zong Cheng Bao), 
contracting with a single design and build contractor (Gong Cheng Zong Cheng Bao 
Dan Wei); it further discourages the unnecessary breaking down of responsibilities 
(Ye & Tiong, 2000). In 2003, Decree No. 30 which encourages design institutes, 
construction enterprises, and Jian Li to develop DB delivery and project management 
services was issued by the Ministry of Construction (MOC, 2003). Jian Li (literally, 
Chinese for ―project supervisor‖) refers to someone engaged by the owner to 
supervise the contractor on matters such as construction quality, progress of works, 
and cost control. Table 2.2 demonstrates the growing importance of DB in China, as 
reflected in the relevant government regulations. 
 
In July 2005, the Ministry of Construction, Ministry of Finance, Ministry of Labor 
and Social Security, China National Planning Committee, Ministry of Commerce, and 
State Asset Regulatory Commission together released ―some advices to accelerate the 
reform and development of construction industry‖ (MOC, 2005). In this document, 
the construction corporations were encouraged to use the EPC project delivery 
method for certain technology building projects, large public projects, and 
infrastructure projects. In particular, corporations that have the design and 
construction qualification should participate in the project design, procurement, 
construction management, and commission. 
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Table 2.2 Evolution of design and build related regulations in China 
Title of the regulation Guidance related to design and 
build 
Dates of the 
regulations released 
Provisional Decree for 
Several Issues About 
Reforming of Construction 
Industry and Capital 
Construction Administration 
Regime 
The scope of the work of 
engineering construction 
companies should cover part or all 
of following process: feasibility 
studies, soil investigation, land 
survey, design, equipment and 
material purchasing, construction, 
preparation of production and hand 
over 
September 1984 by 
The State Council 
Decree of Qualification 
Administration for Design 
Institutes ―Gong Cheng Zong 
Cheng Bao‖ 
The MOC started to grant Grade A 
and Grade B Gong Cheng Zong 
Cheng Bao licenses (Design and 
Build Licenses) to qualified Design 
Institutes 
November 1992 by 
Ministry of 
Construction 
Title of the regulation Guidance related to design and 
build 
Dates of the 
regulations released 
Construction Law Clients are encouraged to procure 
construction projects through 
design and build (Gong Cheng 
Zong Cheng Bao) route, while ban 
for breaking down project 
unnecessarily 
1997 by National 
Congress 
Guidance for Large Design 
Institutes Moving Towards 
International Mode 
Engineering Companies 
Enable design and build capacities 
of large Design Institutes 
August 1999 by 
Ministry of 
Construction 
Several Suggestion on 
Reforming of Design 
Institutes 
Design Institutes should form a 
technological and managerial 
engineering consulting and design 
service system for the whole 
process of fixed asset investment 
September 1999 by the 
State Council 
The Guidance of About 
Breeding and Developing 
Gong Cheng Zong Cheng 
Bao and Project 
Management Enterprise 
To waive No. 805 (1992) ordnance. 
The MOC is encouraging Design 
Institutes and Construction 
Enterprise to develop design and 
build and project management 
capacities. The services of Design 
Institutes and Construction 
Enterprises should to be more 
linking up with international 
practice 
February 2003 by the 
Ministry of 
Construction 
Source: MOC regulations 
 
After China entered the World Trade Organization (WTO), the Chinese construction 
market became more internationalized, with increases in foreign investments and 
more foreign construction companies entering the Chinese construction market. 
Meanwhile, new project delivery methods such as EPC and management contracting 
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were introduced and developed. According to the data shown in Figure 2.8 (CSYB, 
2009), two boom periods in foreign investment in China have taken place. The first 
boom occurred from 1992 to 1996, when the government strengthened its open-door 
policy by implementing various regulations. The second boom came in 2002, in line 
with China’s accession to the WTO and the promoting of China as top destination for 
















































Figure 2.8 Foreign direct investment in China, 1985-2009 
Source: China Statistical Yearbook (2009) 
 
In recent years, increasingly larger and more complex projects have been 
implemented in China, such as large power plants, the 2008 Beijing Olympic game 
stadium, and high-speed railway construction. At the same time, most large projects 
acquire complex and complicated methodology/technology, and it needs fast 
information flow and close collaboration between the design and construction phase. 
Therefore, the DB and EPC project delivery methods need to be implemented in 




2.4 Project Performance Measurement 
Many researchers have discussed the indicators of project success or failure. Kerzner 
(2004) defines the project success in terms of primary factors and secondary factors. 
Primary factors include being on time, within cost, and at the desire quality; 
secondary factors include acceptance by the customer and the customer allowing the 
contractor to use the customer’s name as a reference. Kerzner also addresses that the 
secondary measures of success include customer reference, ongoing work, financial 
success, technical superiority, strategic alignment, regulatory agency relationships, 
health and safety, environmental protection, corporate reputation, employee alignment, 
and ethical conduct. Atkinson (1999) suggests success measures in different stages. In 
the delivery stage, the measures can be cost, time, quality, and efficiency; in the 
post-delivery stage, the success measures include a system which benefits 
shareholders and criteria achievement among project managers, top management, 
clients, and team members. Benefits impact the client, end-users, and business success. 
Alarcon and Ashley (1992) investigate the criteria or elements of the project success 
which include effectiveness, efficiency, quality, productivity, quality of work life, 
profitability, and innovation.  
 
Table 2.3 shows the performance measures of some UK organizations. KPI Working 
Group (2000) indicates the measurement of project success in two aspects: objective 
measures and subjective measures. Objective measures include construction time, 
speed of construction, time variation, unit cost, percentage net variation over final 
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cost, net present value, accident rate, and environmental impact assessment scores. 
Subjective measures include quality, functionality, end-user’s satisfaction, client’s 
satisfaction, design team’s satisfaction, and construction team’s satisfaction. 
Construction Industry Research and Information association (CIRIA) has highlighted 
performance measures for design teams, including the understanding of clients’ needs, 
design process, integration of design with supply chain, internal cost/time 
management, risk, re-use of design experience, innovation, and client/user 
satisfaction.  
 
Table2.3 Performance measures of some UK organizations (Beatham et al., 2004) 
Organization Indicators Focus 
Construction Best 
Practice Programme – 
Construction Industry 
KPIs 
Client satisfaction, Product and service, 
Profitability, Productivity, Defects, Safety, 
Predictability (time, cost)  (1998) 
38 KPIs under 7 criteria (2000): Time, Cost, 
Quality, Client satisfaction, Change orders, 




Consulting Engineers – 
Consultants KPIs 
(2001) 
Client satisfaction – overall performance, value of 
money, quality, time delivery, health and safety 







Understanding clients’ needs, Design process, 
Integration of design with supply chain, Internal 
cost/time management, Risk, Re-use of design 
experience, Innovation, Client/User satisfaction 
Self-assessment 
in design firms 
 
As shown in Table 2.4, the measures of success are divided into four separate groups 
(i.e., dimensions). The first dimension, meeting design goals, refers to the contract 
signed with the customer. The second dimension, benefit to the end-user, refers to the 
benefit to the customers form the project’s end products. The third dimension, benefit 
to the developing organization, refers to the benefit gained by the developing 
27 
organization as a result of executing the project. The last dimension, benefit to the 
national infrastructure, measures the benefit to the national technological 
infrastructure (Sadeh et al., 2000) 
 
Table 2.4 Measures of success (Sadeh et al., 2000) 
Success dimension Success measures 




Benefit to the end user Meeting acquisition 
Answering the operational need 
Product entered service 
Product reached the end users on time 
Product has substantial time for use 
Meaningful improvement of user’s operational level 
User is satisfied with product 
Benefit to the developing 
organization  
Had relatively high profit 
Opened a new market 
Created a new product 
Developed a new technological capability 
Increased positive reputation 
Benefit to the national 
infrastructure 
Contributed to critical subjects 
Maintained a flow of updated generations 
Decreased dependence on outside sources 
Contributed to other projects 
Overall success A combined measure for project success 
 
Project performance indicators are the influential forces that either facilitate or 
impede project success (Lim & Mohamed, 1999). Success or failure of any project is 
greatly influenced by the performance of cost, time, and quality aspects of a project 
(Ratnasabapathy & Rameezdeen, 2006). Konchar and Sanvido (1998) measured 
success in terms of unit cost, construction speed, delivery speed, cost growth, 
schedule growth, and several quality measures. Whereas Naoum (1994) measured the 
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performance of time and cost by time overrun and cost overrun, Chan (1996) assessed 
such performance in terms of construction time and unit cost. According to Ndekugri 
and Turner (1994), if the client’s criteria are met, then the performance of the DB 
project can be considered to have been met. Results from Songer and Molenaar (1996) 
indicate that the primary success criteria for DB projects are being on budget, being 
schedule, and conforming to user’s expectations - all of which are consistent with the 
success criteria of a construction projects. Hwang et al. (2010) developed 
performance metrics tailored to unique characteristics of pharmaceutical construction 
projects, and a total of 50 metrics were newly developed and categorized under cost, 
schedule, or dimension. 
 
Chan (2000) judged the performance of an enhanced DB project based on the criteria 
of time, cost, quality, functionality, and safety requirements. Chan et al. (2002) 
summarized the criteria of success for DB projects; objective criteria included time, 
cost, quality, and safety whereas subjective criteria included meeting 
specifications/employer’s requirement (ER), conformance to expectations of project 
team members, satisfaction of project team members, functionality, aesthetics, and 
reduction in disputes. Chan and Chan (2004) produced a consolidated framework that 
included the additional dimensions of user expectation, participant’s satisfaction, 
environmental performance, health and safety, and commercial value. Owner’s 
satisfaction and owner’s administrative burden were added by Ling et al. (2004). Ling 




Table 2.5 Performance metrics 
No Performance metrics  Definition 
Cost   
1 Unit cost ($/m2) (Final project cost/area)/index 
2 Cost growth (%) [(Final project cost - contract project cost)/contract 
project cost]×100 
3 Intensity [($/m2)/month] Unit cost/total time 
Time   
4 Construction speed(m2/month) Area/(as-built construction end date - as-built 
construction date/30) 
5 Delivery speed (m2/month) Area/total time 
6 Schedule growth(%) [(Total time - total as-planned time)/total as-planned 
time]×100 
Quality   
7 Turnover quality Ease of starting up and extent of call backs 
8 System quality Performance of building elements, interior space and 
environment 
9 Equipment quality Performance of equipment 
Others   
10 Owner's administrative burden  
11 Owner's satisfaction   
Source: Adapted from Ling and Liu (2004) 
2.5 Comparison of DBB and DB 
Compared with the DBB project delivery method, DB offers several advantages. For 
instance, the single responsibility between the client and DB contractor reduces the 
project time for the integrated design and construction. Many researchers have 
compared DBB and DB projects. 
 
Roth (1995) compared six DBB and six DB navy childcare facilities built through the 
MILCON progress. Using this small sample, Roth found that the use of the DB 
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approach significantly reduced costs associated with design and construction. The 
results also showed that cost growth was decreased for DB projects. 
 
Ibbs et al. (2003) concluded that DB projects outperformed DBB with respect to time, 
but the results relating to cost were not as convincing. They also concluded that the 
skill of the project management team and the experience of the contractor had greater 
impacts on project performance than the project delivery method. 
 
A number of studies have shown that time can be saved by using the DB project 
delivery method (Songer & Molenaar, 1996; Konchar & Sanvido, 1998; Molenaar et 
al., 1999). Songer and Molenaar (1996) used literature and survey results versus more 
empirical research. Konchar and Sanvido (1998) collected and analyzed data for 351 
U.S. projects comprised of 6 facility types. They used a multivariate model to 
examine unit cost, construction speed, delivery speed, cost growth, and schedule 
growth. They concluded that DBB projects were more likely to experience scheduling 
changes than DB projects. They also concluded that the DB project delivery method 
would show cost benefits. Bennett et al. (1996) conducted a similar study in England 
that also used multivariate analysis. They compared cost, schedule, and quality 
performance, finding results similar to those of Konchar and Sanvido. 
 
Molenaar et al. (1999) described the evolution of DB project delivery method and 
analyzed 104 public-sector DB projects. Their results included important analyses of 
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cost, time, and quality data for DB projects. 
 
Uhlik and Eller (1999) provided a description of perceived benefits of using DB 
versus DBB for military medical construction projects. They suggested that a shift to 
DB would decrease the time to design and build new military medical facilities. They 
also asserted that the overall cost would be reduced.  
 
Warne (2005) produced a report on performance assessment of DB contracting for 
highway projects. He studied 21 DB highway projects across the U.S. ranging in size 
from $83 million to $1.3 billion. The results indicated that DB projects had better 
price certainty and the majority of DB projects were completed ahead of schedule.  
 
In 2006, the Federal Highway Administration (FhwA) of U.S. compared project 
performance of DB highway projects against similar DBB highway projects. This 
report analyzed the project performance using descriptive statistics. The study results 
demonstrated that DB projects had higher cost growth but lower schedule growth 
compared to DBB projects (USDOT-FhwA, 2006).  
 
Shrestha et al. (2007) compared the performance of DB and DBB highway projects in 
projects costing more than $50 million. The statistical analysis showed that the 
average cost growth for DB was lower than DBB and statistically significant. 
However, the schedule growth for DBB was lower than that for DB, although not 
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statistically significant.  
 
An empirical comparison of DB and DBB was investigated by Hale et al. (2009). 
They selected two similar samples of NAVFAC projects in the U.S. (39 DBB projects 
and 38 DB projects). They analyzed DB projects proved to be superior in performance 
in almost every measure compared to DBB projects. 
 
Ling et al. (2004) constructed a model to predict the performance of DB and DBB 
projects in 11 areas, using project-specific data collection from 87 building projects. 
For DBB projects, contractors’ design ability, and adequacy of plant and equipment 
ensure speedy completion of the projects. For DB projects, when the contract period 
is allowed to vary during tender evaluation, it slows down the project. 
 
The blueprint in the definitive construction 21 report in Singapore (MOM and MND, 
1999) recognized that the DB approach was a dominant procurement mode in Japan 
that had helped the Japanese construction industry achieve higher productivity (MOM 
and MND, 1999; Low, 1993). 
 
Many Chinese scholars in this field have also conducted a number of valuable studies 
about project delivery systems (PDSs). Zhang and He (2003) reviewed an empirical 
study of DB in the U.S. and found that adopting the DB approach could improve 
project efficiency in terms of schedule, cost and quality. Meng and Zhao (2004) 
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analyzed the differences between DBB and EPC from the perspectives of project 
management, tendering methods, project risk allocation, etc. Hu and Huo (2007) 
studied the advantages and disadvantages of each project delivery system, including 
project management, design and build, construction management, engineering 
procurement construction and management contracting. Hong et al. (2007) established 
a model for comparing the overall cost of each PDS based on transaction cost theory. 
 
2.6 Critical Success Factors 
2.6.1 Critical success factors for general construction projects 
Chua et al. (1999) asserted that the success of a construction project is determined by 
four aspects: project characteristics, contractual arrangements, project participants, 
and interactive processes. Project characteristics include external (e.g., political and 
economical risks, impact on public efficiency of technical approval authorities, 
adequacy of funding, and site limitation and location) and internal characteristics (e.g., 
constructability, pioneering status, and project size). Project characteristics contribute 
to certain project risks, including financial risks and schedule delays (Diekmann & 
Girard, 1995). The contractual arrangement contains contract type, contract award 
method, and risk allocation. Equitable risk allocation dictates both the content and the 
type of the contract (Gordon, 1994; Diekmann & Girard, 1995). Attributes of project 
participants considered as inter-organizational conflicts in a construction project will 
adversely affect project performance (Mohsini & Davidson, 1992). Interactive 
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processes refer to the communication, planning, monitoring and control, and project 
organization to facilitate effective coordination throughout the project life. Project 
success can be better ensured if participants work together as a team with established 
common objectives and defined procedures for collaborative problem solving (Larson, 
1995 ). 
 
2.6.2 Critical success factors for DB and EPC projects 
Deakin (1999), and Pearson and Skues (1999) agreed that the factor of project 
characteristics in terms of a clearly defined scope is vital for the success of a DB 
project. Songer and Molenaar (1997) matched the CSFs of D&B projects with project 
characteristics. They concluded that definition and understanding of project scope was 
the most important element for D&B project success. Rowlinson (1997) and Deakin 
(1999) further opined that the way for the project scope to be clearly defined is 
dependent on a clear brief which is believed to be another important prerequisite for 
success. Leung (1999) suggested that project participants constitute one CSF for DB 
projects. The relationships among project participants has also drawn the attention of 
Rowlinson (1997) as one of the CSFs since a well-organized and cohesive facility 
team enables better management by the contractor. The characteristics of the 
contractor, in terms of DB knowledge, experience and confidence, and the ability to 
maintain proper documentation are also highlighted (Songer and Molenaar, 1996; 
Hemlin 1999; Leung 1999). End users’ input is also considered necessary to enhance 
the degree of success for D&B projects (Pearson and Skues 1999). Lam et al. (2008) 
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analyzed DB projects using Promax rotation of the 42 success factor variables and 
produced 12 factor categories.  
 
Ling et al. (2004) conducted models to predict the performance of DB and DBB 
projects in 11 areas, identifying 59 potential factors affecting project performance 
were identified. Meanwhile, Ling and Liu (2004) used neural networks to predict 
performance of DB projects in Singapore, and 65 factors that may affect DB project 
success. The factors affecting project success are categorized into attributes relating to 
the project, owners, consultants, and contractors.  
 
While the review of literature provides the theoretical background for the study, as a 
conclusion from the studies discussed above, 12 CSFs were adopted as the framework 
for analyse the EPC projects operated by Chinese construction firms (see Table 2.6).  
 
Table 2.6 CSFs for EPC projects (summary from literature review) 
No. Success factor item 
1 Physical and social environments 
2 Economic environment 
3 Competency of client body 
4 Client’s input in the project 
5 Client’s emphasis on time and cost 
6 Client’s emphasis on risk transfer 
7 Competency of contractor’s design consultants 
8 Competency of construction team leader 
9 Project nature 
10 Effectiveness of project management action 
11 Working relationships among project team members 
12 Application of innovative management approaches 
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2.7 Problems Facing Chinese Construction Firms 
2.7.1 Absence of design capability 
The design stage is very important, and many ideas and concepts related to design are 
examined in the literature. Design in construction is primarily a personal task, with 
the entire project’s design becoming a combination of motivation and expressions of 
many individuals (Gray, 2001). During an EPC project, project managers are more 
involved in the design than in the other types of project. Table 2.6 shows the impact of 
each stages of the project on the investment and cost. As evident from this table, the 
design stage critically impacts the investment and cost of a project. 
 
Table 2.7 Each stage of the project impact on investment and cost 
Impact on 
investment 



















35% 0~25% ---- 
Source: Adopt from Ding (2004) 
 
Based on a survey by the China Construction Industry Association (CCIA, 2005), 
because of the development of the Chinese market and obstacles to the qualification, 
many construction corporations are limited to shop drawings 
design–procurement–construction when they implement EPC projects; however, very 




In the international construction market, Zhao and Shen (2008) found that the absence 
of design capability was a weakness of the Chinese international construction firms. 
The majority of the overseas businesses contracted by Chinese construction firms are 
civil and building works, which involve a very small proportion of consultancy and 
design works (Jin & Zhang, 2006). According to the statistics (CSYB, 1990-2006), 
the average value of Chinese international construction firms’ consultancy and design 
works in overseas markets was less than 1% of their total overseas businesses 
from1995 to 2005. In addition, very few Chinese construction firms have the ability to 
undertake both design and construction works (Zhu, 2006).  
 
Zheng and Cheng (2004) investigated several problems related to design during the 
development of EPC projects in China, including:  
a)  Weakness of project planning ability; 
b) Absence of system integrated capacity, especially for complex systems; 
c) Unfamiliarity with high-tech materials and equipment and the lack of information 
technology use; and 
d) Lack of research and development capacity. 
 
2.7.2 Weak financial capability 
Bo et al. (2009) indicated the competence to acquire financing from banks or other 
financial institutions helps the design-builders establish greater competitive 
advantages. A research report released by the Ministry of Construction (MOC, 2005) 
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shows that the lack of financial capability is a significant weakness for Chinese 
construction firms. Compared to contractors from many other countries, Chinese 
construction firms have lower registered capital, higher debt-to-asset ratios, and lower 
profit margins (Zhao & Shen, 2008). According to the statistics (CBYB, 1994-2005), 
the average debt-to-asset ratio of Chinese state-owned construction firms was about 
70% in 2004, which indicates poor financial status. In addition, Zhu (2006) and Chen 
(1998) found that Chinese construction firms have limited finance-raising channels. 
However, EPC projects usually require large-scale capital for the main contractors as 
most EPC contracts are awarded on a lump-sum basis. Moreover, the DB system is 
widely applied in large and complex public projects in China, which are naturally 
more capital intensive. Thus, the ability to acquire financing is a major capacity that 
needs to be developed (Cheah et al., 2007). 
 
2.7.3 Lack of organizational management system and objective of 
project management system 
According to the China Construction Industry Association (CCIA, 2005) report, many 
large construction enterprises establish a ―Gong Cheng Zong Cheng Bao‖ department, 
but the organizational structure and function of the departments cannot adapt to the 
requirements of operating EPC project. For instance, the procedure documentation 
and management handbooks for EPC projects are the same as those used with project 
design system in design institutes, so it needs to modify and develop for project 
management system of EPC project.  
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2.7.4 Lack of skills to undertake EPC projects 
EPC projects need people who have the integrated knowledge of project management, 
contract administration, and other abilities. Studies by Zhu (2006) and Yan (2005) 
pointed out that Chinese construction enterprises are generally lacking trained 
professionals, particularly in the areas of project management, finance management, 
and international conventions and laws. Especially for EPC projects, the lack of 
well-trained human resources in design and procurement leads to poor performance 
during the EPC project.  
 
2.7.5 Lack of system hinders implementation of EPC projects 
The laws of tendering and bidding relating to ―Gong Cheng Zong Cheng Bao‖ are still 
relatively undeveloped in the Chinese legal system. Although the Chinese government 
raised regulations to promote development of the DB delivery method in the 
construction market, a definition of EPC contractors in the qualification system and 
legal responsibilities is lacking (Zheng & Zhang, 2006). In addition, Xu and 
Greenwood (2006) indicated that Ministry of Construction of China did not raise a 
unified ―Gong Cheng Zong Cheng Bao‖ contract.  
 
2.7.6 Imperfect qualification system 
Management in each section of project – namely, project inspection (Jian Li), 
consultant, design, and construction – need additional qualifications, as do the many 
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government departments managing these sections. This lack of qualification hinders 
the development of DB and EPC firms. The PRC Construction Law classifies 
construction enterprises into different grades of organizations, depending on their 
registered capital, specialized technical personnel and track records. According to 
Article 5 of the Regulation on Construction Engineering Enterprises Qualification, 
classifications for construction engineering enterprises include general contracting, 
specialty contracting, and labour service contracting. A construction company can 
only engage in construction activities within the permitted scope specified in its 
qualification certificate. According to Article 13
 
of the Chinese construction law, 
construction firms can only work on the regulated construction works when they have 
obtained the relative qualifications; however, the law fails to define DB contractors. 
Furthermore, as described in Article 26 of the Chinese construction law, it is 
forbidden for construction firms to operate projects that beyond their register grade.  
 
2.7.7 Low-level of recognition of client and imperfect market 
development 
Although a few foreign investment and private projects’ owners are starting to 
recognize the EPC/turnkey project delivery method, many still do not realize its 
inherent advantages (CCIA, 2005). In addition, many scholars have indicated that the 
contractors should have the DB experience (Songer & Molenaar, 1997; Mo & Ng, 
1997; Leung, 1999; Pearson & Skues, 1999). As DB contractors assume total 
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responsibility for a DB project, they should possess the ability to combine the design 
and construction functions and coordinate the various building professionals. In China, 
DB and EPC projects have been recently introduced, but have received limited 
attention in Chinese construction market. Without the experience of implementing 















CHAPTER 3 RESEARCH DESIGN AND METHOD 
3.1 Introduction 
The research approach, data collection, and data analysis methods are presented in 
this chapter. In order to achieve the research objectives, a quantitative approach is 
adopted. A survey method is selected for the research design in this study. A 
questionnaire is used as the data collection instrument. Data analysis methods for this 
study include t-test and factors analysis, which are also described in this chapter. 
 
3.2 Research Approach 
Rubin and Babbie (2006) stated that quantitative and qualitative methods are factors 
influencing the specific ways that researchers or practitioners implement the research 
process. The quantitative approach as a traditional, positivist, experimental, or 
empiricist paradigm and the qualitative approach as a constructivist, naturalistic, 
interpretative, postpositivist or postmodern paradigm were first termed by Creswell 
(1994). The assumptions of the quantitative and qualitative approaches have been 
summarized by Creswell (1994), as shown in Table 3.1. The main aim of this study is 
to identify the problems encountered by Chinese construction firms during 
implementation of the EPC projects in China. In order to achieve the objectives and 




Table 3.1 Assumptions of quantitative and qualitative approaches 
Assumption Question Quantitative Qualitative 
View of reality Why is the nature of 
reality? 
Reality is objective and 
singular, apart from the 
research. 
Reality is subjective and 
multiple as seen by 
participants in a study. 
Role of the 
researcher 
What is the relationship 
of the researcher to that 
being researched? 
Researcher is 
independent of that 
being researched. 
Researcher interacts with 
that being researched. 
Purpose of the 
research 
What is the intention of 
the research? 
To discover existing 
laws and structures. 
To explore and explain 
different ―realities‖. 
Methodology 
of the approach 
What is the process of 
research? 
Deductive processes 
Cause and effect 








Accurate and reliable 




shaping of factors 
Emerging design – 






Accurate and reliable 
through verification 
Source: Adapted from: Creswell (1994); Alston and Bowles (1998) 
 
3.3 Research Design 
Creswell (1994) suggested that a survey design and experiment design be used for the 
quantitative approach. A survey design provides a quantitative or numeric description 
of some fraction of the population – the sample – through the data collection process 
of asking people questions (Fowler, 1988). An experiment test identifies the 
cause-and-effect relationships among subjects randomly assigned to groups. In 
addition, for the experiment test, few factors can be tested because of the difficulty of 
controlling this approach. In the current study, a survey design is preferred rather than 
the experiment test for the data collection due to the former’s advantages in terms of 
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economy of design, ease in data collection, and ability to identify attributes of a 
population from a small group of individuals (Fowler, 1988; Babbie, 1990; Tan, 2002). 
In addition, the objective of this research makes it inappropriate to adopt the 




A survey is a systematic method of collecting primary data based on a sample to 
gather information or make inferences about the population (Tan, 2002). A survey is 
considered appropriate for the current study because it enables the gathering of data 
from a large number of respondents within a limited time frame. Chinese construction 
firms constitute the population for the questionnaire surveys. To identify Chinese EPC 
contractors, criteria are set as construction firms which have been involved in EPC 
projects in the Chinese construction market.  
 
3.3.2 Sampling 
The sampling population for the questionnaire includes different construction 
enterprises (design institute, contractor, and project management corporations) in 
China. The sampling frame consists of a list of the members of the China 
Construction Industry Association (CCIA) and the top 100 of Chinese design 
institutes according to the 2009 ENR report. Eighty-two firms were randomly selected 
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from the list. The selected firms are detailed in Table 3.2. 
 
Table 3.2 Survey firms 
Type Number 
Contractor 47 
Design institute 26 
PM firms 9 
 
3.4 Method of Data Collection 
Four methods of data collection can be used in a field survey: by mail, by phone, 
online, and in face-to-face meetings. Table 3.3 shows the advantages and 
disadvantages of these four methods. As can be seen from this table, a mail survey is 
easy and cost-efficient; in addition, it can reach large samples in a relatively short 
period. However, it often results in low response rates. A phone survey is not 
appropriate for the current study because many questions need to addressed, and 
respondents might become impatient and hang up in the midst of the survey. In a 
face-to-face survey, data are more accurate because any queries can be explained in a 
timely manner by the surveyor. Thus, this study used a mail and face-to-face survey. 
In order to increase the mail survey response rate, the author telephoned people who 
received the mail survey to remind them to respond to the questionnaire. 
 
Table 3.3 Advantages and disadvantages of survey methods 
 Mail Phone Online Face to Face 
Response Rate 
Range 
20%-80% 60%-76% 20%-70% High 
Advantages easy and cost 
efficient 
interview bias 






good response rates 
longer interviews 
more likely to be 
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lowered since no 
contract with 
interviewer 






attitude can be 
observed 
Disadvantages response rates are 
typical low 
not appropriate for 
low literacy 
audiences 
can be expensive 





do not yet have 




Source: Adapted from Health Communicating Unit, University of Toronto (2006) 
 
3.4.1 Pilot study 
Before conducting the field work, a pilot study was run to clarify research question 
boundaries (Walker, 1997), identify the questions in the questionnaire that 
respondents might find difficult to answer, and ensure that responses are accurate. 
 
The pilot study was conducted in Singapore, and the sample included experts in the 
construction industry, which consisted of directors and managers from Chinese 
construction firms which conduct business in Singapore and graduate students at the 
Department of Building, National University of Singapore (NUS). Five experts from 
the industry were selected; all had more than five years of working experience in 
construction in China. Among these five experts, three persons participated in EPC 
projects in China. In addition, three graduate students who had working experience in 
construction in China were selected, one of whom had EPC project experience. 
 
The pilot study provided useful feedback, which allowed for the fine-tuning of the 
variables and questionnaire. A summary of the feedback follows: 
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a. Reduce number of questions, and summarize the success factors to 12 items; 
b. Shorten the length of the questionnaire to reduce the time required to complete it so 
that the response rate can be increased; 
c. Incorporate more open-ended questions and provide an explanation for some 
questions; 
d. Emphasize the background of the researcher in the cover letter; 
e. Change some words that may confuse some respondents; and  
f. Alter some of the expressions when translated into Chinese. 
 
Based on the suggestions from these experts during the pilot study, the questionnaire 
was adjusted and modified to improve data collection. 
 
3.4.2 Questionnaire design 
The questionnaire was distributed by mail and administered in face-to-face meetings 
to collect qualitative and quantitative data. Qualitative data consist of the opinions and 
perceptions of the respondents. Quantitative data consist of information related to 
EPC projects.  
 
Based on the literature review and pilot study, a survey questionnaire was designed 
(see Appendix A). The questionnaire included four parts. The questionnaire began by 
asking factual questions. 
Part 1: General information 
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This part includes personal information, firm information, and project information. 
The personal information required respondents to provide information on: 
 Name of the respondent 
 Name of the respondent’s firm 
 Age of the respondent 
 Years of experience in construction 
 Years of experience in EPC projects 
 Total number of EPC projects in which the participant has been involved 
 Position of respondent in the firm 
 
The company-specific information required respondents to provide information on: 
 The type of the firm 
 The number of staff of the firm 
 Register class in China 
 Annual turnover in 2008 and 2009 
 Years of experience in EPC project of the firm 
 Location of the business 
 The highest EPC project value of the firm 
 
The project information required respondents to provide information on: 
 Project contract value 
 Project contract duration 
 Number of staff in the project 
 Gross area 
 Final project cost 
 Date of project start 
 Date of project construction start 
 Date of project finish 
 The type of project 
 
Part 2: EPC project performance measurement 
In this section, the respondents were asked to evaluate their EPC project’s 
performance. The literature review (see Chapter 2) suggests that the performance is 
measured in five dimensions: 
 Time factors 
 Cost factors 
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 Quality factors 
 Owner’s factors 
 Health, environment, and safety factors 
 
A 5-point Likert scale was used to rate these factors, where 1 represents ―very poor‖, 
2 represents ―poor‖, 3 represents ―average‖, 4 represents ―good‖, and 5 represents 
―excellent‖. 
 
Part 3: EPC project success factors’ performance measurement 
 
In this section, the respondents were asked to evaluate their EPC project’s 
performance factors. According to the literature review, the factors are described in 
twelve aspects: 
 
 Physical and social environment 
 Economic environment 
 Competency of client body 
 Client’s input in the project 
 Client’s emphasis on time and cost 
 Client’s emphasis on risk transfer 
 Competency of contractor’s design consultant 
 Competency of construction team leader 
 Project nature 
 Effectiveness of project management action 
 Working relationships among project team members 
 Application of innovative management approaches 
A 5-point Likert scale was used to measure these factors, where 1 represents ―very 
poor‖, 2 represents ―poor‖, 3 represents ―average‖, 4 represents ―good‖, and 5 
represents ―excellent‖. 
Part 4: Problem encountered in EPC project 
In this section, the respondents were asked to evaluate their EPC project’s problems. 
The problems are described in eight aspects: 
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 Design ability 
 Financial capability 
 Organization management system 
 Human resources 
 Procurement 
 Client issues 
 Legal and qualification system 
 Project management system 
A 5-point Likert scale was used to measure these aspects, where 1 represents ―no 
significant effect‖, 2 represents ―low effect‖, 3 represents ―some effect‖, 4 represents 
―high effect‖, and 5 represents ―significant high effect‖. 
3.4.3 Interviews 
To explore specific issues further, such as the EPC project bidding procedure and 
Chinese construction qualification system, personal interviews were also conducted. 
Interviews allow for close interactions with the interviewees. Six face-to-face 
interviews were carried out to understand the opinions about problems encountered by 
EPC project contractors and the challenges faced by Chinese construction firms. Table 
3.4 shows the background information of the interviewees. 
 
Table 3.4 Background information of the interviewees 






1 Large-scale state-owned 
construction company 
Chief Engineer 20 12 





3 Large-scale state-owned 
construction company 
Project Manager 12 4 
4 Private design institute Project Director 8 2 
5 Large private construction 
company 
Project Manager 15 10 
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6 Construction department in 
State Government 
Deputy Director 30  
 
3.5 Data Collection 
Questionnaire surveys and interviews were conducted between April 2011 and July 
2011 related to EPC projects in China. The questionnaire was distributed to a total of 
82 firms. Figure 3.1 shows the data collection process. 
 
 
Figure 3.1 Data collection process 
 
3.6 Data Analysis 
3.6.1 Descriptive analysis 
Following statistical conventions, the data analysis consisted of descriptive and 
inferential statistics (Trochim & Donnelly, 2007). Descriptive statistics are 
distinguished from inferential statistics (or inductive statistics) in that descriptive 
statistics aim to summarize a data set rather than use the data to learn about the 















population that the data are thought to represent. Descriptive statistics are used to 
describe variability of the data, such as mean, range, mode, standard deviation, and 
variance. Descriptive statistical analyses were used with part 1 of the questionnaire in 
order to describe the background of the respondents and their companies as well as 
basic features of the data in this study. 
 
3.6.2 Statistical tests of the mean 
Using the SPSS software, the t-test of the mean was calculated to determine if the 
identified practices have been significantly adopted by construction organizations. 
The hypotheses were set up as: 
H0: μ is ≤ μ 0. 
H1: μ is ﹥ μ 0 
In each attribute, the null hypothesis is that the EPC project performance was ―poor‖ 
or ―not good‖, while the alternative hypothesis is that the performance is good. When 
the significance value is larger than 0.05, the null hypothesis was accepted, indicating 
that the performance is poor or not good. Such results would suggest that Chinese 
construction firms need to focus on and improve their performance in the relevant 
area. 
3.6.3 Relationship analysis techniques 
A number of different statistical techniques can be used to analyze relationships 
among variables. Sharma (1996) and William and Matthew (1992) described several 
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statistical techniques which include simple regression, t-test, analysis of variance 
(ANOVA), discriminate analysis, logistic regression, multiple regression, multivariate 
analysis of variance (MANOVA), cluster analysis, principal components, factor 
analysis, canonical correlation analysis (CCA), and multiple-group discriminate 
analysis (MDA). 
 
ANOVA is a powerful technique to test simultaneously whether two or more 
population means of interval data are significantly different. Many researchers use 
this technique to compare the perception of three or more groups (Xiao & Proverbs, 
2002; Low & Chuan, 2006; Ling & Poh, 2007). Toor and Ogunlana (2008) used 
ANOVA tests to demonstrate that respondents from different types of organizations - 
based on their position in the organization, experience, and educational background 
show significant agreement in their opinions about the problems of delays on the 
major projects in Thailand. In the current study, an ANOVA was carried out in order 
to examine whether respondents differed in their perception based on their type of 
enterprises (design institutes and construction companies).  
 
3.6.4 Ranking method 
In order to determine the ranking of the weighting criteria, it was necessary to check 
and calculate the mean important rating of the problems. The formula for calculating 














      ………………………………………………………… (3.1) 
where: 
Wh is the weight attributes h; 
h is the attribute reference, and there are m number of attributes under one criterion. 










  ………………………………… (3.2) 
where: 
h is the attribute reference, 
ah is the mean importance rating attribute h, and  
n1, n2, n3, n4, and n5 are the number of respondents who indicated on the level of 
importance on the five-point Likert scale as 1, 2, 3, 4, and 5, respectively for attribute 
h, where 1 represent ―no significant effect‖, 2 ―low effect‖, 3 ―some effect‖, 4 ―high 
effect‖, and 5 ―significant high effect‖. 
 
Xu et al. (2005) used this method to rank the factors critical to the success of a 
strategic alliance between foreign contractors and design institutes. In this study, the 
problems encountered by the Chinese construction firms during implemented EPC 
project in China will be measured to count their weight. 
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3.6.5 Multivariate regression analysis 
Multivariate regression analysis was used to determine the statistical relationship 
between performance measure variables and the explanatory variables (key success 
factors).  
 
Predictor variables that correlate significantly (p≤0.05) to respective performance 
metrics were identified through Spearmans correlation analysis. Correlation 
coefficient is a measure of the strength of any association between a pair of random 
variables (Newbold, 1991). It measures how closely a change in one variable is tied to 
the change in another variable, and vice versa. Ling et al. (2004) constructed 
regression models to predict the performance of DB and DBB projects in Singapore.  
 
3.6.6 Factor analysis 
In this study, factor analysis is used to achieve the results of one objective – to 
identify the main problems for EPC project in Chinese construction market.  
 
Sharma (1996) believes that the principal components analysis is an appropriate 
technique for developing an index since the squares of the weights sum to one. 
Factors analysis is used to identify underlying variables or factors that explain the 
pattern of correlations within a set of observed variables (Norusis, 2002). This method 
is used to analyze the structure interrelationship among the large number of variables 
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by defining a set of common underlying factors (Hair et al., 1998). This technique is 
powerful for reducing and regrouping the factors identified from a larger number to a 
smaller, and more critical number based on factor scores of the responses (Lam et al., 
2008). It is conducted through two-stages: factor extraction and factor rotation 
(Norusis, 1993). The goal of factor extraction is to determine the factors through 
principal components analysis, whereas that of the second stage, factor rotation, is to 
make the factors more interpretable. 
 
The rule is to drop the least important factors from the analysis, by dropping all 
components with eigenvalues under 1.0. The eigenvalue for a given factor measures 
the variance in all the variables accounted for by that factor. The eigenvalue denotes 
the relative importance of each factor. If a factor has a low eigenvalue, it is 
contributing little to the explanation of variances in the variables and may be ignored 
as redundant with more important factors. Varimax rotation was performed to obtain 
more interpretable results. Unrotated solutions are hard to interpret because variables 
tend to load on multiple factors. Varimax rotation is the most common rotation option. 
Varimax rotation minimizes the number of variables with high loadings on any one 
given factor. Each factor will tends to have either large or small loadings of particular 
variables on it. A varimax solution yields results that make is as easy as possible to 
identify each variable with a single factor. 
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CHAPTER 4 FIELD STUDY 
4.1 Introduction 
This section discusses the field study of this research in China. Field study is the 
collection of raw data in natural settings. Field study has a long history of being 
widely used in natural and social sciences. The population, sampling, survey area, and 
data collection methods are described in the following sections. The rationale for 




Figure 4.1 Map of China 
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This field study was conducted in mainland China from April 2011 to July 2011. 
Beijing, Tianjin, Chongqing, and Sichuan province are the target survey areas, which 
are highlighted in the Figure 4.1.  
 
4.2 Questionnaire Survey Response Rate 
The survey packages were first sent out on 12 April 2011; they were followed up with 
telephone communication. In order to increase the response rate, respondents who did 
not respond after two weeks were contracted via telephone. The responses were 
received between April 2011 and July 2011. Before the mail and email survey were 
carried out, all companies were also contacted via telephone calls. Those who said 
that they definitely would not participate were removed from the survey list. After the 
initial telephone calls, 82 firms were willing to participate in the survey, and 42 
returned responses, resulting in a response rate of 51.2%. Among those returned, nine 
responses were completed by respondents in a face-to-face meeting. Based on the 
returns, the profiles of respondents were analyzed. Table 4.1 summarizes the general 
information of responses in each region. 
 
Table 4.1 General information on each region 
 Number of 





Beijing 33 17 51.5 
Tianjin 9 4 44.4 
Chongqing and 
Sichuan province 
40 21 52.5 




4.3 Field Survey in Beijing 
Beijing, the capital of the People Republic of China, is the country’s political, cultural, 
educational and military centre. Most of China’s largest state-owned companies’ 
headquarters are located in Beijing. In the construction industry, as shown in Table 4.2 
and Figure 4.2, state-owned construction firms make up only 7% of the total number 
of construction firms, but their total output value output accounts for nearly 20% of 
the gross output value.  
 
Table 4.2 Main indicators of construction enterprises (CSYB, 2010) 









































Figure 4.2 Percentages of main indicators of contractor enterprises (CSYB, 2010) 
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According to the ENR report, 50 Chinese construction firms were included in the list 
of the top 225 global contractors in the world in 2009 (ENR, 2009). As shown in 
Figure 4.3, 14 firms’ headquarters are located in Beijing, accounting for 45% of all 
firms. In addition, the headquarters of the top five Chinese contractors are located in 



















Figure 4.3 Number of top Chinese global contractors whose headquarters are located in Beijing 
 
Based on the China Construction Industry Association (CCIA) and ENR report, the 33 
construction firms listed were investigated. First, the companies’ websites were 
accessed to acquire email addresses and telephone numbers. Questionnaires were 
emailed to them together with the survey cover letter. To ensure a higher rate of 
responses, the author followed up with a phone call to remind the participants to 
respond to the questionnaire. Twelve persons confirmed completing the email survey; 
10 persons are hesitated to do so. Ultimately, 17 questionnaires were received during 
the survey in Beijing.  
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In addition, face-to-face interviews were conducted with two managers from 
construction enterprises and one deputy director from a construction department. EPC 
project performance in the Chinese construction market and the challenge and 
problems encountered by Chinese contractors were discussed during the interviews.  
 
4.4 Field Survey in Tianjin 
Tianjin is a metropolis in northern China and one of the five national central cities of 
the People’s Republic of China. Tianjin bounded to the east by the Bohai Gulf portion 
of the Yellow Sea. Tianjin has the biggest seaport in northern China.  
 
As a dual-core city, Tianjin is divided into the old city and the Binhai New Area. 
Binhai New Area is a new growth pole in China, maintaining an annual growth rate of 
nearly 30% of the GDP. As of the end of 2010, 285 Fortune Global 500 companies 
have established branch offices in Binhai. It is the hub of China's advanced industrial 
and financial reform and innovation. Transnational corporations can enjoy the lowest 
tax rate in China and highest rate of economic growth in Tianjin. Therefore many 
infrastructure and building projects have been launched in recent year in Binhai New 
Area, and some owners in these projects were foreign companies. 
 
Tianjin is bounded to the west by Beijing, so it is convenient to travel from Beijing. 
From the list of the Tianjin construction project information website, nine EPC 
projects were investigated. Through the telephone contact, four projects were willing 
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to participate in the EPC project survey, and one project manager agreed to a 
face-to-face interview. This project’s owner is a foreign bank that built its Tianjin 
branch office in Binhai New Area. Due to unfamiliarity with the Chinese construction 
market, the owner selected an EPC contract as the project delivery system to transfer 
the risk to the main contractor.  
 
4.5 Field Survey in Chongqing and Sichuan Province 
Chongqing is a major city in southwest China and one of the five national central 
cities of the People’s Republic of China. Administratively, it is one of the PRC’s four 
direct-controlled municipalities. Chongqing serves as the economic centre of the 
Upstream Yangtze area. It is the major manufacturing centre and a transportation hub 
for southwest China. In order to accelerate its development and subsequently China’s 
relatively poorer western areas, the Chinese government proposed its China Western 
Development strategy (15
th
 National Congress, 1997). An important industrial area in 
western China, Chongqing is rapidly urbanizing. For instance, statistics suggest that 
new construction added approximately 137,000 square meters (1.5 million square feet) 
daily of usable floor space to satisfy demands for residential, commercial, and factory 
space. Chongqing's nominal GDP in 2009 reached RMB 652.8 billion (US$95.5 
billion) while registering an annual growth of 14.3% - higher than China’s average 
GDP (CSYB, 2009). Meanwhile, like Chongqing, Sichuan province to the east is also 
improving rapidly since the Chinese government proposed its China Western 
Development strategy.  
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Both Chongqing and Sichuan province have established several high-tech and 
economic development districts in recent years. For instance, following Shanghai 
Pudong New Area and Tianjin Binhai New Area, China’s third sub-provincial and 
only inland new area–Chongqing Liangjiang New Area – was set up with the approval 
of the State Council on 20 May, 2010 (NDRC, 2010). The Chengdu Economic and 
Technological Development Zone was approved as a state-level zone in February 
2000. These new areas attracted large investments from the government and foreign 
enterprises. 
 
As a result, many large buildings and industry construction projects have been 
launched in Chongqing and Sichuan province. Forty construction firms were 
identified in these two areas, including 21 design institutes as most of the industry 
projects’ main contractors are from design firms. Forty questionnaires were 
distributed in Chongqing and Sichuan province. 9 questionnaires were completed 
during face-to-face meetings while 31 were distributed by the mail. Ultimately, 21 
questionnaires were received during the field survey in Chongqing and Sichuan 
province. In addition, one senior project manager from a design institute and one 






CHAPTER 5 DATA ANALYSIS 
5.1 Introduction 
This chapter presents the analysis of the data and information from the questionnaire 
according to the method discussed in the research methodology part (see Section 3.6). 
After obtaining the completed questionnaires, the data were checked and entered into 
SPSS software.  
 
The profiles of the respondents and their companies are first presented, followed by a 
series of data analyses, the sequence of which is represented in Figure 5.1. 
 
Figure 5.1 Sequence of data analysis 
 
5.2 Profile of Respondents and Companies 





Rank the problems 
encountered by the 
Chinese contractors 
ANOVA test difference 
between the contractors 
and design institutes 
EFA to decrease and 
regroup the variables 
Identify EPC project 
performance 




Information on five distinct characteristics of the respondents and seven distinct 
characteristics of their companies was solicited. The profiles of the respondents and 
their companies are depicted in Figures 5.2 and 5.3, where the number of responses N 
is given below each chart. As not all the fields in the questionnaire were completed by 
the respondents, N is 42 and below. 
 
Table 5.1 Profile of respondents 
Description Average Number Percentage 
a) Age of respondents                                32.3                 N=40 
More than 35 12 30% 
Between 25 and 35 27 67.5% 
Less than 25 1 2.5% 
 
b) Experience in construction                         8.84                 N=38 
More than 10 11 28.9% 
Between 5 and 10 21 55.3% 
Less than 5 6 15.8% 
 
c) Experience in EPC                                4.76                 N=38 
More than 10 2 5.3% 
Between 5 and 10 15 39.5% 
Less than 5 21 55.3% 
 
d) Number of EPC projects                           3.11                 N=37 
More than 5 7 18.9% 
Between 3 and 5 9 24.3% 
Less than 3 21 56.8% 
 
e) Designation of the respondents                                           N=42 
Site manager 6 14.3% 
Project manager 17 40.5% 
Project director 2 4.8% 
Engineer 14 33.3% 
Commercial manager 3 7.1% 
 
5.2.1 Age of respondents 
Table 5.1 (a) demonstrates that 12 respondents (30%) were more than 35 years old, 27 
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(67.5%) ranged from 25 to 35 years old, and only one was younger than 25 years old. 
 
5.2.2 Respondents’ experience in construction industry 
Table 5.1(b) indicates that up to 55.3% of the respondents’ in the construction industry 
have between 5 and 10 years of experience, whereas 28.9% have more than 10 years 
of experience in construction and 15.8% have fewer than 5 years. Most of the 
respondents have experience more than 5 years in construction, and would therefore 
be able to inform the research. 
 
5.2.3 Respondents’ experience on EPC projects 
Table 5.1(c) highlights that more than half of the respondents have less than 5 years of 
experience in EPC projects, 39.5% have between 5 and 10 years of experience, and 
only 5.3% have more than 10 years of experience. Compared with the respondents’ 
experience in construction, they have less experience in EPC projects.  
 
5.2.4 Number of EPC projects in which respondents participated 
Table 5.1(d) indicates that 56.8% of the respondents participated in fewer than 3 EPC 
projects, 24.3% respondents participated in 3 to 5 projects, and 18.9% were involved 
in more than 5 EPC projects. The fact that most respondents have engaged in fewer 




5.2.5 Designation of the respondents 
Table 5.1(e) illustrates that 40.5% and 4.8% of respondents respectively are project 
managers and project directors leading the project, and 21.4% are site managers and 
commercial managers; all of these respondents are from the project management team. 
In addition, 33.3% of respondents are project engineers; most engineers were site 
engineers from the design institute, so they are familiar with the project operation 
situation. The characteristics of these respondents ensure that the information 
provided by them is noteworthy. 
 
Table 5.2 Profile of respondents’ companies 
Description Average Number Percentage 
a) Number of staff                                  870.7                  N=38 
>500 13 34.2% 
201-500 19 50% 
101-200 2 5.3% 
51-100 3 7.9% 
<50 1 2.6% 
 
b) Company type                                                         N=42 
Project management firm 5 11.9% 
Design institute 9 21.4% 
Contractor 28 66.7% 
 
c) Registration class                                                       N=33 
Second grade 1 3.0% 
First grade 13 39.4% 
Special grade 19 57.6% 
 
d) Turnover in 2008 and 2009 (RMB Million Yuan)                             N=11 
Year Minimum Maximum Average 
2008 20 40000 6997.27 
2009 25 70000 10755.83 
 
e) Years of EPC project                                                    N=41 
>10 22 53.7% 
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5-10 15 36.6% 
<5 4 9.8% 
 
f) Business location                                                        N=42 
Some parts of China 8 19.0% 
All over China 34 81.0% 
 
5.2.6 Number of staff 
Table 5.2(a) indicates that 34.2% of the respondents are companies that employ more 
than 500 personnel. Half of the cases employ between 200 and 500 personnel. Only 
one respondent’s company employed fewer than 50 personnel, accounting for 2.6% of 
the total respondents. 
5.2.7 The type of company 
Table 5.2(b) further shows that two thirds of the respondents (66.7%) are from 
contractors, followed 21.4% from design institutes. Only 11.9% are from project 
management companies, which have only recently emerged in China. 
 
5.2.8 Registration class 
According to the regulation of Chinese construction firm qualification class, 
construction firms are categorized into four grades: special grade, first grade, second, 
grade and third grade. Table 5.2(c) demonstrates that 19 respondents are from special 
grade, 13 are from first grade, and only 1 is from second grade.  
 
5.2.9 Firms’ annual turnover 
Only 11 respondents provided information on annual turnover. As indicated in Table 
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5.2(d), nearly all firms’ turnover increased from 2008 to 2009: 55% reached more 
than 1 billon RMB, suggesting that most respondents are from the large construction 
firms, while 18.2% earned less than 50 million RMB. 
 
5.2.10 Number of years firms have undertaken EPC projects 
Table 5.2(e) demonstrates that more than half of the firms have more than 10 years of 
experience in operating EPC projects. In addition, 36.6% have 5 to 10 years of 
experience, while fewer than 10% have fewer than 5 years of experience. 
 
5.2.11 Location of the firms’ business 
As indicated in Table 5.2(f), 81% of firms operate projects all over China, once again 
suggesting that most of the surveyed firms are large construction firms. Only 19% 
operate projects in specific parts of China (i.e., Chongqing and Sichuan province). 
 
5.2.12 Highest value of EPC project 
Only 10 respondents provided information on their companies’ highest-valued EPC 
project. Respondents may need time to research this information or the company may 
not provide it, which may explain why most respondents did not provide this 
information. From the responses, the highest project value is 4 billion RMB; this was 
an operation in one of the top five Chinese construction firms. The lowest value was 
100 million RMB, which was a project conducted by a private construction firm. 
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5.3 EPC Project Performance in China: results of t-test 
Having discussed the profiles of the respondents and their firms, this section 
investigates the performance of EPC projects operated by Chinese construction firms 
in China.  
 
Using the SPSS software, a t-test of the mean was calculated to determine if the 
performance criterion is good. The hypotheses are set up below: 
H0: μ is ≤ 3. 
H1: μ is ﹥ 3. 
―3‖ is chosen because on a 5-point scale, ―3‖ is the mean score. Since, only the 
positive values of performance measure will be considered as good, a two-tailed t-test 
is used in this study. 
 
The null hypothesis is that the EPC project performance is ―poor‖ or ―not good‖; the 
alternative hypothesis is that the performance is good. When the significance value is 
larger than 0.05, the null hypothesis is accepted (i.e., the performance is poor or not 
good). Such a result would indicate that Chinese construction firms need to focus on 
their performance. 
 
When the significance level is ≤ 0.05, which is the 95% confidence level of the test, 
and the t value is positive, the null hypothesis is rejected and the alternative 




Respondents were asked to examine the 18 performance measures related to EPC 
projects in China. Table 5.3 shows the means of these 18 performance measures. The 
highest performance criterion is the quality item (average 3.72), while the lowest 
performance criterion is the cost item (average 3.05). The time factor is the second 
lowest performance among these five performance measures (average 3.30). The 
average of factors related to owners’ performance is 3.48, and the average of health, 
environment, and safety performance is 3.61. 
 
Table 5.3 EPC project’s performance measurement one sample statistics 
  N Mean Std. Deviation Std. Error Mean 
T1 construction on schedule 42 3.57 .801 .124 
T2 construction speed 42 3.38 .882 .136 
T3 delivery speed 42 3.24 .958 .148 
T4 schedule growth 42 3.02 .749 .116 
C1 unit cost 42 3.10 .821 .127 
C2 cost growth 42 2.90 .692 .107 
C3 profit 42 3.14 .843 .130 
Q1 turnover quality 42 3.64 .759 .117 
Q2 system quality 42 3.67 .612 .094 
Q3 equipment quality 42 3.69 .869 .134 
Q4 functional requirement 41 3.76 .888 .139 
Q5 aesthetics 42 3.83 .794 .122 
O1 owner’s administrative 
burden 
42 3.02 .924 .143 
O2 owner’s satisfaction 42 3.55 .832 .128 
O3 owner’s requirement 41 3.63 .888 .139 
O4 shareholder’s satisfaction 41 3.71 .602 .094 
S1 environmental performance 42 3.50 .917 .142 
S2 safety performance 42 3.71 .774 .119 
 
Table 5.4 T-test EPC project’s performance measurement  
  Test Value = 3 
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Interval of the 
Difference 
Lower Upper 
T1 4.625 41 .000 .57 .32 .82 
T2 2.799 41 .008 .38 .11 .66 
T3 1.611 41 .115 .24 -.06 .54 
T4 .206 41 .838 .02 -.21 .26 
C1 .752 41 .456 .10 -.16 .35 
C2 -.892 41 .377 -.10 -.31 .12 
C3 1.098 41 .279 .14 -.12 .41 
Q1 5.486 41 .000 .64 .41 .88 
Q2 7.065 41 .000 .67 .48 .86 
Q3 5.148 41 .000 .69 .42 .96 
Q4 5.450 40 .000 .76 .48 1.04 
Q5 6.804 41 .000 .83 .59 1.08 
O1 .167 41 .868 .02 -.26 .31 
O2 4.264 41 .000 .55 .29 .81 
O3 4.575 40 .000 .63 .35 .91 
O4 7.525 40 .000 .71 .52 .90 
S1 3.532 41 .001 .50 .21 .79 
S2 5.980 41 .000 .71 .47 .96 
 
Table 5.4 shows the t-test value of these 18 performance measures. As can be seen, in 
12 cases, the null hypothesis was rejected as they have good or average performance. 
On the other hand 6 cases of the null hypothesis was accept, as their performance 
rates poorly or not good during Chinese construction firms’ EPC projects in China. 
For all cost items, the t-test accepts the null hypothesis; thus, cost performance is not 
good during Chinese construction firms’ EPC projects. China’s statistical yearbook 
indicates that Chinese construction firms have a lower profit ratio compared with 
foreign or other types of construction firms, as shown in Figure 5.2 (CSYB 2005); 
many state-owned construction enterprises have a profit/gross output value of 
construction ratio less than 1% or even a negative value (Shen et al., 2006). 
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Figure 5.2 Profit/gross output value of construction ratio among different types of construction 
enterprises in China 
Source: China Statistical Yearbook (2005) 
 
Regarding time factors, for the EPC project’s performance of T1 (construction on 
schedule) and T2 (construction speed), the null hypothesis was rejected, whereas T3 
(delivery speed) and T4 (schedule growth), the hull hypothesis was accepted. All 
quality and safety performance t-test values, the null hypothesis was rejected, 
meaning that these performance items are good. In recent years, the government have 
focused more on the health, environment, and safety issues on construction sites. 
Meanwhile, contractors must now follow the ISO 9001, 14001, and 18001 regulations 
under Chinese construction law. 
 
Regarding the owners’ factors, the O1 (owner’s administrative burden) performance is 
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not good. The EPC project performance based on owner satisfaction, owner 
requirements, and shareholder satisfaction is good, indicating that the project met the 
owners’ and customers’ requirements and that the contractor has a good relationship 
with the client. 
 
5.4 Critical Success Factors 
Table 5.5 key success factors performance of EPC project sample statistics 
  N Mean Std. Deviation 
Std. Error 
Mean 
A. Physical and social environment 41 3.15 .853 .133 
B. Economic environment 42 3.02 1.093 .169 
C. Competency of client body 42 2.76 .932 .144 
D. Client’s input in the project 42 3.12 .889 .137 
E. Client’s emphasis on time and cost 42 3.43 .941 .145 
F. Client’s emphasis on risk transfer 42 3.57 .801 .124 
G. Competency of contractors  42 3.48 .833 .129 
H. Competency of contractor’s design 
consultant 
42 3.57 .703 .109 
I. Competency of construction team 
leader 
42 3.57 .859 .133 
J. Effectiveness of project management 
action 
42 3.52 .804 .124 
K. Working relationships among project 
team members 
42 3.81 .804 .124 
L. Application of innovative 
management approaches 
42 3.12 .705 .109 
 
Table 5.6 T-test of key success factors 
  
Test Value = 3 




Interval of the 
Difference 
Lower Upper 
A 1.098 40 .279 .15 -.12 .42 
B .141 41 .888 .02 -.32 .36 
C -1.655 41 .105 -.24 -.53 .05 
D .868 41 .391 .12 -.16 .40 
E 2.952 41 .005 .43 .14 .72 
F 4.625 41 .000 .57 .32 .82 
G 3.703 41 .001 .48 .22 .74 
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H 5.265 41 .000 .57 .35 .79 
I 4.309 41 .000 .57 .30 .84 
J 4.224 41 .000 .52 .27 .77 
K 6.529 41 .000 .81 .56 1.06 
L 1.094 41 .281 .12 -.10 .34 
 
As Table 5.5 demonstrates, the factor working relationships among project team 
members earned the highest ranking at 3.81; this means that the project management 
team attaches importance to team members’ relationships. The competency of the 
client body earned the fewest points at 2.76, indicating that the ability of most EPC 
projects’ clients is low. One reason for this may be that clients are not familiar with 
the EPC project process. 
 
Table 5.6 shows that the t-test results of the 12 critical success factors for performance 
when Chinese construction firms conduct EPC projects in China. Five of the 12 
factors accepted the null hypothesis: physical and social environment, economic 
environment, competency of client body, client input in the project, and application of 
innovative management approaches. These five factors are external factors from the 
contractor’s aspect. The poor performance application of innovative management 
approaches reflects that Chinese construction firms usually lack research and 
development capacity. The t-test’s significance level for the remaining seven factors 
of performance is ≤ 0.05, thus rejecting the null hypothesis; in other words, these 
seven factors have better performance than the others. The seven factors include 
client’s emphasis on time and cost, client’s emphasis on risk transfer, competency of 
contractor’s design consultant, competency of construction team leader, project nature 
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and effectiveness of project management action, and working relationships among 
project team members. 
 
5.5 Multivariate Regression Model 
The earliest form of regression was the method of least squares (French: méthode des 
moindres carrés), which was published by Legendre (1805) and Gauss (1809). The 
current study uses the multivariate liner regression (MLR) analysis to predict the 
performance of EPC projects undertaken by Chinese construction firms in China. The 
independent variables are the critical success factors of performance adopted by 
Chinese construction firms during EPC projects in China. The dependent variable is 
one of the EPC project success measures (i.e., time, cost, quality, owners, and safety). 
The assumption is that the EPC project performance is affected by the critical success 
factors. Each model is expressed by: 
 
Yi = α +β 1X 1+β 2 X 2+β 3 X 3 + …… + i  
Where: 
Yi = measure of project success (dependent variable) based on respondents’ ratings of 
the items. The level of weighting (i.e., 1, 2, 3, 4, and 5) indicate ―very poor‖, ―poor‖, 
―average‖, ―good‖, and ―excellent‖, respectively.  
Xi = one of the 12 critical success factors (independent variable).  
β  = estimated regression coefficient.  
α = constant  
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 = error term 
 
In applying MLR, it is assumed that the relationship between Y and the independent 
variables can be approximated using a linear model that provides best fit estimates of 
the model parameters by minimizing the error of the model (Ott & Longnecker, 2000). 
Using SPSS software, MLR models are developed to predict likely project success 
indicators based on the factors adopted by Chinese construction firms in China.  
 
Tests of significance: 
H0: β i is ＝ 0. 
H1: β i is ≠ 0. 
The null hypothesis is that the coefficientβ i = 0, which means that the EPC project’s 
success performance measures might be not affected by the project’s critical success 
factors. The alternative hypothesis is that the EPC project performance measures 
might be affected by the project critical success factors. When the significance value 
is larger than 0.05, the null hypothesis is accepted, which means that no correlations 
exist between project performance measures and success factors.  
 
When the significance level is ≤ 0.05, which is the 95% confidence level of the test, 
the null hypothesis is rejected, and the alternative hypothesis H1 is accepted; thus,  
relationships exists between EPC project performance measures and success factors.  
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5.5.1 EPC project time performance  
Table 5.7 shows the results of the multiple regression model for EPC projects’ time 
performance. As evident in section 1, only one factor J (effectiveness of project 
management action) rejects the null hypothesis (p=0.006≤0.05); the other 11 factors 
all accept the null hypothesis, indicating that these 11 factors do not have a significant 
relationship. Based on the results, on-time construction may be affected by the 
effectiveness of the project management action. More effective project management 
action tends to make the EPC projects’ construction remain on schedule. 
 
Table 5.7 section 2 shows that the dependent variable construction speed is affected 
by working relationships among project team members (K). The significant level is 
0.027≤0.05. Construction speed has a positive correlation to the working relationships 
among the project team members. According to the results, good working 
relationships among the project team members could raise the EPC projects’ 
construction speed. In addition, the results of the test indicate that all significant levels 
exceed 0.05, meaning the null hypotheses are accepted. Therefore, there are no 
significant relationships between the dependent variables (delivery speed and 
schedule growth) and the 12 factors. 
 








Coefficients t Sig. 
B Std. Error Beta     
1 (Constant) 1.090 .894   1.219 .233 
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  A -.164 .239 -.174 -.687 .498 
  B .163 .176 .214 .925 .363 
  C .014 .207 .015 .066 .948 
  D .057 .240 .059 .238 .814 
  E -.194 .275 -.210 -.705 .486 
  F .157 .239 .152 .659 .515 
  G .292 .239 .270 1.220 .233 
  H -.714 .364 -.626 -1.965 .059 
  I .102 .193 .107 .530 .600 
  J .969 .329 .849 2.944 .006 
  K .206 .232 .205 .886 .383 
  L -.216 .274 -.168 -.786 .438 
Model: Dependent Variable: T2 (construction speed)  
2 (Constant) .198 .831   .239 .813 





Coefficients t Sig. 
B Std. Error Beta     
  B .210 .163 .275 1.288 .208 
  C .150 .192 .167 .780 .442 
  D .294 .223 .303 1.317 .199 
  E -.156 .256 -.168 -.609 .547 
  F .232 .222 .223 1.045 .305 
  G -.099 .222 -.091 -.446 .659 
  H .117 .338 .102 .347 .731 
  I .050 .179 .052 .281 .781 
  J .262 .306 .229 .856 .399 
  K .506 .216 .503 2.341 .027 
  L -.271 .255 -.211 -1.063 .297 
Model: Dependent Variable: T3 (delivery speed)  
3 (Constant) 2.067 1.025   2.016 .053 
  A .015 .273 .014 .054 .957 
  B .278 .201 .327 1.381 .178 
  C .382 .238 .381 1.606 .119 
  D .009 .275 .009 .034 .973 
  E -.245 .315 -.237 -.777 .444 
  F .379 .274 .327 1.385 .177 
  G -.283 .274 -.234 -1.030 .312 
  H -.378 .417 -.296 -.906 .373 
  I -.192 .221 -.179 -.866 .394 
  J .365 .377 .286 .969 .341 
  K .250 .266 .223 .939 .356 
  L -.157 .314 -.110 -.501 .620 
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Model: Dependent Variable: T4 (schedule growth)  
4 (Constant) 1.089 .816   1.336 .192 
  A .017 .218 .022 .080 .936 
  B -.039 .160 -.060 -.244 .809 
  C .294 .189 .386 1.555 .131 
  D .159 .219 .194 .727 .473 
  E -.002 .251 -.002 -.007 .994 
  F -.086 .218 -.097 -.392 .698 
  G .018 .218 .019 .081 .936 
  H -.007 .332 -.007 -.021 .983 
  I -.081 .176 -.099 -.459 .650 
  J -.028 .300 -.029 -.095 .925 
  K .315 .212 .370 1.488 .148 
  L .054 .250 .050 .216 .830 
 
5.5.2 EPC project cost performance 
As indicated in Table 5.8, C2 (cost growth) and C3 (profit) have no significant 
relationships between the 12 critical success factors. Only the factor of working 
relationships among project team members is rejected the null hypothesis 
(p=0.046≤0.05), so this factor is significantly correlated with C1 (unit cost). 
 
Table 5.8 Multiple regression model for cost performance 
Model: Dependent 





Coefficients t Sig. 
B Std. Error Beta     
1 (Constant) .149 .774   .193 .849 
  A .168 .206 .188 .814 .423 
  B .263 .152 .366 1.733 .094 
  C -.095 .179 -.112 -.530 .601 
  D .015 .208 .016 .071 .944 
  E -.089 .238 -.101 -.372 .712 
  F .216 .207 .221 1.047 .304 
  G .150 .207 .147 .724 .475 
  H -.105 .314 -.098 -.336 .740 
  I .086 .167 .095 .516 .610 
  J .340 .285 .316 1.196 .242 
  K -.420 .201 -.444 -2.088 .046 
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  L .427 .237 .353 1.802 .082 
Model: Dependent Variable: C2 (cost growth)  
2 (Constant) 1.051 .758   1.387 .176 
  A -.109 .202 -.148 -.541 .593 
  B .163 .149 .274 1.096 .282 
  C .044 .176 .063 .250 .804 
  D -.063 .203 -.084 -.312 .757 
  E .077 .233 .107 .332 .742 
  F -.073 .202 -.090 -.359 .722 
  G .042 .203 .050 .209 .836 
  H .259 .308 .290 .840 .408 
  I -.216 .164 -.288 -1.320 .198 
  J .077 .279 .086 .274 .786 
  K .068 .197 .087 .345 .733 
  L .303 .232 .302 1.303 .203 
Model: Dependent Variable: C3 (profit)  
3 (Constant) 1.430 .888   1.610 .119 
  A -.253 .237 -.276 -1.067 .295 
  B .157 .175 .212 .897 .377 
  C -.166 .206 -.191 -.806 .427 
  D .006 .238 .007 .027 .979 
  E .274 .273 .304 1.001 .325 
  F .025 .237 .025 .105 .917 
  G .322 .238 .306 1.352 .187 
  H .292 .361 .263 .807 .426 
  I -.011 .192 -.012 -.057 .955 
  J .100 .327 .091 .307 .761 
  K .089 .231 .092 .387 .702 
  L -.430 .272 -.346 -1.579 .125 
 
5.5.3 EPC project quality performance 
Table 5.9 section 1 indicates that the Q1 (turnover quality) may be affected by factor 
F (client’s emphasis on risk transfer). In section 2, the Q2 (system quality) may be 
affected by factor J (effectiveness of project management action). 
 
Table 5.9 section 3 shows four factors that have significant relationships with EPC 
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projects’ equipment quality. The prediction model is given in the following equation: 
 
Q3 Equipment quality performance 
     = 1.472 + 0.455F + 0.435G + 0.387K﹣0.627L 
To achieve a good performance of equipment quality in the EPC project, clients 
should emphasize risk transfer more accurately; contractors’ design consultant should 
have strong ability, and contractors should have good working relationships among 
project team members. In addition, contractors should apply innovative technology.  
 
Most of the EPC projects are non-building projects, such as power stations and 
chemical plants, so good quality equipment is important to the success of the EPC 
projects. Equipment is selected by the design consultant. Therefore, contractors 
should employ effective design consultants to ensure good performance with 
equipment quality. On the other hand, contractors are familiar with innovative 
technology that may affect the outcome of equipment quality in EPC projects. 
 
As shown in Table 5.9 section 4, four factors also have significant relationships with 
the Q4 (function requirement). The prediction model is given in the following 
equation: 
 
Q4 function requirement performance 
    = 0.172﹣0.423B + 0.755C﹣0.425E + 0.525I 
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Based on the equation, in order to achieve function requirement, the clients of the 
project should have strong ability, meaning that clients should transfer their 
requirements to the contractors in a clear process. This factor may also be affected by 
the nature of the EPC project, such as the gross area of the project. The economic 
environment negatively correlates with the function requirement, which may be 
because, if the economic environment is better, the construction enterprise could 
obtain more contracts or profits, so they would pay less attention to the function 
requirement of the project. 
 
In Table 5.9 section 5, according to the report, five factors have significant 
correlations with Q5 (aesthetics). The prediction model is given in the following 
equation: 
 
Q5 Aesthetics performance 
    = 0.172﹣0.319B + 0.416D + 0.356G + 0.525J + 0.561K 
 
According to the result, EPC projects’ aesthetics performance is enhanced if the 
client’s input in the project is clear and accurate, contractors’ design consultants have 
a strong ability, contractors engage in effective project management actions, and 
project team members share good working relationships. 
 






Coefficients t Sig. 
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(turnover quality) B Std. Error Beta     
1 (Constant) -.078 .700   -.112 .912 
  A -.019 .187 -.022 -.104 .918 
  B .045 .137 .062 .324 .748 
  C .055 .162 .065 .341 .736 
  D .107 .188 .118 .572 .572 
  E -.226 .215 -.258 -1.052 .302 
  F .482 .187 .492 2.581 .015 
  G .017 .187 .016 .090 .929 
  H -.001 .284 -.001 -.004 .997 
  I .003 .151 .003 .019 .985 
  J .265 .257 .246 1.031 .311 
  K .352 .182 .371 1.936 .063 
  L -.036 .214 -.030 -.168 .867 
Model: Dependent Variable: Q2 (system quality)  
2 (Constant) 1.837 .603   3.046 .005 
  A .102 .161 .156 .635 .530 
  B .004 .118 .007 .030 .976 
  C .119 .140 .192 .853 .401 
  D -.117 .162 -.174 -.722 .476 
  E -.177 .186 -.275 -.953 .349 
  F .256 .161 .357 1.591 .123 
  G -.043 .161 -.058 -.268 .791 
  H -.294 .245 -.372 -1.201 .240 
  I .058 .130 .087 .444 .660 
  J .455 .222 .575 2.051 .050 
  K .144 .157 .207 .919 .366 
  L .033 .185 .037 .180 .858 
Model: Dependent Variable: Q3 (equipment quality)  
3 (Constant) 1.427 .715   1.996 .056 
  A .117 .191 .130 .614 .544 
  B -.030 .140 -.041 -.214 .832 
  C -.045 .166 -.052 -.269 .790 
  D -.168 .192 -.183 -.878 .388 
  E -.186 .220 -.211 -.847 .404 
  F .452 .191 .458 2.366 .025 
  G .435 .191 .423 2.275 .031 
  H -.507 .291 -.466 -1.742 .092 
  I .222 .155 .242 1.434 .163 
  J .492 .263 .453 1.869 .072 
  K .387 .186 .405 2.082 .047 
  L -.627 .219 -.514 -2.863 .008 
Model: Dependent Variable: Q4 (functional requirement)  
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4 (Constant) .876 .665   1.318 .198 
  A .172 .177 .165 .970 .340 
  B -.423 .131 -.504 -3.242 .003 
  C .755 .154 .766 4.906 .000 
  D -.185 .178 -.173 -1.035 .309 
  E -.425 .204 -.416 -2.080 .047 
  F .283 .178 .247 1.592 .123 
  G -.069 .178 -.058 -.386 .702 
  H .094 .270 .075 .350 .729 
  I .525 .144 .496 3.657 .001 
  J .137 .245 .109 .561 .579 
  K .080 .173 .073 .465 .646 
  L -.051 .204 -.036 -.251 .804 
Model: Dependent Variable: Q5 (aesthetics)  
5 (Constant) .518 .606   .855 .400 
  A .132 .162 .142 .817 .421 
  B -.319 .119 -.425 -2.675 .012 
  C .054 .140 .061 .382 .706 
  D .416 .163 .437 2.555 .016 
  E -.174 .187 -.191 -.932 .359 
  F -.028 .162 -.028 -.173 .864 
  G .356 .162 .335 2.194 .037 
  H -.469 .246 -.418 -1.902 .068 
  I .088 .131 .093 .671 .508 
  J .525 .223 .468 2.356 .026 
  K .561 .158 .568 3.559 .001 
  L -.247 .186 -.196 -1.332 .194 
 
5.5.4 EPC project owner’s performance 
As indicated in Table 5.10 section 1, three factors have significant relationships with 
the outcome of the owner’s administrative burden. The prediction model is given in 
the following equation. 
 
O1 Owner’s administrative burden outcome 
    = 0.251 + 0.524A + 0.478D + 0.445G 
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Based on the result, to achieve a good performance related to the owner’s 
administrative burden, a good physical and social environment is important, the 
client’s input in the project should be clear and accurate, and the contractors’ design 
consultant should have a strong capacity. In the client’s input in the project part, this 
might mean that, if the client’s input to the project is not clearly evident, the 
discussion between the client and contractor would increase, resulting in the owner’s 
administrative burden increasing. 
 
The test results indicated that no factors had significant relations with the owner’s 
satisfaction. As indicated in Table 5.10 section 3, client’s emphasis on risk transfer is 
positively related to the performance of the owner’s requirement. Furthermore, 
section 4 highlights that the outcome of shareholders’ satisfaction is significantly 
related to the physical and social environment as well as the economic environment. 
The prediction model is shown as follows: 
 
O5 shareholder’s satisfaction outcome 
= 2.136 + 0.336A﹣0.344B 
 
Clearly, the performance of the shareholder’s satisfaction has a significant relationship 
with the outside environment. In order to achieve good performance on the 
shareholder’s satisfaction, the social and physical environment should have a good 
condition, but the economic environment might not be in a good condition. If the 
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economic environment is very good, the shareholders would raise their requirements, 
so their satisfaction might decline in due course. 
 









Coefficients t Sig. 
B Std. Error Beta     
1 (Constant) .251 .764   .328 .745 
  A .524 .204 .509 2.570 .016 
  B -.066 .150 -.080 -.440 .663 
  C -.252 .177 -.259 -1.424 .166 
  D .478 .205 .455 2.334 .027 
  E -.055 .235 -.055 -.236 .815 
  F .378 .204 .335 1.853 .074 
  G .445 .204 .378 2.178 .038 
  H -.454 .310 -.366 -1.463 .155 
  I .135 .165 .129 .816 .421 
  J -.269 .281 -.217 -.959 .346 
  K -.291 .199 -.266 -1.464 .154 
  L .341 .234 .244 1.457 .156 
Model: Dependent Variable: O2 (owner’s satisfaction)  
2 (Constant) .250 .849   .294 .771 
  A .391 .227 .398 1.724 .096 
  B -.164 .167 -.207 -.984 .333 
  C .130 .197 .140 .663 .513 
  D -.013 .228 -.013 -.057 .955 
  E -.311 .261 -.322 -1.189 .245 
  F .387 .227 .359 1.705 .099 
  G .213 .227 .190 .939 .356 
  H -.154 .345 -.130 -.447 .658 
  I .246 .184 .246 1.339 .191 
  J .061 .313 .052 .196 .846 
  K .144 .221 .138 .653 .519 
  L .043 .260 .032 .164 .871 
Model: Dependent Variable: O3 (owner’s requirement)  
3 (Constant) .268 .746   .359 .723 
  A .037 .199 .035 .184 .856 
  B -.176 .147 -.210 -1.202 .239 
  C -.205 .173 -.208 -1.187 .245 
  D .301 .200 .283 1.504 .144 
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  E .153 .230 .150 .668 .509 
  F .552 .199 .484 2.769 .010 
  G .272 .200 .228 1.362 .184 
  H -.450 .303 -.358 -1.483 .149 
  I -.104 .161 -.098 -.644 .525 
  J .287 .275 .228 1.044 .305 
  K .258 .194 .233 1.330 .194 
  L -.022 .229 -.016 -.098 .923 
Model: Dependent Variable: O4 (shareholders’ satisfaction)  
4 (Constant) 2.136 .527   4.050 .000 
  A .336 .141 .476 2.388 .024 
  B -.344 .104 -.605 -3.323 .002 
  C -.092 .122 -.137 -.751 .459 
  D -.035 .142 -.048 -.244 .809 
  E .129 .162 .186 .794 .434 
  F .203 .141 .263 1.443 .160 
  G .232 .141 .287 1.645 .111 
  H -.235 .214 -.276 -1.097 .282 
  I -.107 .114 -.150 -.942 .354 
  J .321 .194 .376 1.653 .109 
  K .095 .137 .126 .690 .496 
  L -.107 .162 -.112 -.662 .514 
 
5.5.5 EPC project health, environment and safety performance 
Table 5.11 section 1 demonstrates that only one factor is significantly related with 
environmental performance. In order to achieve good performance of the project’s 
environment, the outside physical and social environments are very important when 
the construction firms engage in an EPC project in China. Good conditions of the 
project’s physical and social environments might lead to higher environmental 
performance. 








Coefficients t Sig. 
B Std. Error Beta     
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1 (Constant) .243 .779   .312 .757 
  A .715 .208 .660 3.445 .002 
  B -.136 .153 -.155 -.887 .383 
  C .160 .180 .156 .888 .382 
  D -.228 .209 -.206 -1.092 .284 
  E -.121 .240 -.114 -.504 .618 
  F .340 .208 .286 1.635 .113 
  G .036 .208 .029 .171 .865 
  H .027 .317 .021 .086 .932 
  I .199 .168 .180 1.182 .247 
  J -.123 .286 -.094 -.429 .671 
  K .287 .202 .249 1.418 .167 
  L -.215 .239 -.146 -.901 .375 
Model: Dependent Variable: S2 (safety performance)  
2 (Constant) 1.221 .737   1.656 .109 
  A .221 .197 .256 1.121 .272 
  B -.275 .145 -.396 -1.898 .068 
  C .244 .171 .300 1.430 .164 
  D .011 .198 .013 .057 .955 
  E .232 .227 .275 1.024 .314 
  F .020 .197 .021 .102 .920 
  G -.233 .197 -.237 -1.182 .247 
  H .100 .300 .096 .334 .741 
  I .185 .159 .211 1.160 .256 
  J .047 .271 .045 .173 .864 
  K .278 .192 .304 1.452 .158 
  L -.107 .226 -.091 -.472 .641 
 
 
5.6 Rank analysis for EPC project problems 
Eight categories of problems are faced when Chinese construction firms operate EPC 
projects in China. As shown in Table 5.12, these eight categories include design 
ability, financial capability, organization management system, human resources, 
procurement, client issues, legal and qualification system, and project management 
system. The number of items in each category and category code are included in Table 
5.12. 
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Table 5.12 Category code definition 





Problems related to design 8 D 
Problems related to financial 4 F 
Problems related to organization system 4 S 
Problems related to human resource 5 HR 
Problems related to procurement 6 P 
Problems related to client 3 C 
Problems related to legal and qualification system 4 Q 
Problems related to project management system 6 PM 
 
In order to examine the rating received by each category in regards to EPC project 
performance, the average of the mean ratings of all problems under each category is 
computed. Table 5.13 illustrates that the category of problems related to clients 
received the highest score (3.51), followed by problems related to human resources 
and financial issues. The remaining five categories received similar scores, and the 
average scores are over the mean ratings of 3 (3.10 to 3.20); thus all problems seem to 
have some effect on EPC projects’ performance. 
 
Table 5.13 Average ratings of each category of problems 
Problem category Rank Mean 
Problems related to design 8 3.10 
Problems related to financial 3 3.22 
Problems related to organization system 5 3.16 
Problems related to human resource 2 3.24 
Problems related to procurement 6 3.14 
Problems related to client 1 3.51 
Problems related to legal and qualification system 7 3.11 




5.6.1 Mean of the importance ratings 
In order to calculate the mean of the importance ratings, the following mathematical 










          ……………….…….（5.1） 
where: 
h = is the attribute reference, 
ah = is the mean importance rating of attribute h, and 
n1, n2, n3, n4, and n5 = the number of respondents who indicate on the 5-point Likert 
scale that the level of importance is 1, 2, 3, 4, and 5 respectively for attribute h, where 
1 represents ―no significant effect‖, 2 is ―low effect‖, 3 is ―some effect‖, 4 is ―high 
effect‖, and 5 is ―significant high effect‖. 
 
As discussed in Section 3.6.4, rank analysis was used to show the mean perception 
ratings (M) and ranking (R) of encountered problems when the Chinese construction 
firms operate EPC projects in China. The results of mean importance rating using 
Equation 5.1 are tabulated in Table 5.14. The overall rankings of the problems in 
Table 5.14 were based on the calculations of the respondents.   
 
As shown in Table 5.14, the most important attributes (out of 40) chosen by 
respondents are: 
1. No clear requirement from client (frequent changes) 
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2. Poor subcontracting management 
3. Delayed approval by the client 
4. Lack of effectiveness between design and construction teams 
5. Cash flow problems 
6. Client has too much power 
7. Unskilled labour (unfamiliar with the installation works) 
8. Lack of support from the headquarters 
9. Lack of experience in EPC project 
10. Lack of design coordination capacity 
11. Deficiencies in planning and schedule 
 








Deviation Rank 1 2 3 4 5 
C3: no clear requirement of client 1 41 0 7 9 8 17 3.85 1.152 
PM6: poor subcontracting 
management 2 42 2 5 13 9 13 3.62 1.188 
P4 late approval by the client 3 41 1 5 16 8 11 3.56 1.097 
S3: lack of effectiveness 
communication between design 
and construction teams 4 41 3 6 11 10 11 3.49 1.247 
F3: cash flow problems 5 40 3 4 16 5 12 3.47 1.24 
C2: too much power of client 6 41 1 8 8 19 5 3.46 1.027 
HR5: unskilled labour 7 42 5 3 12 12 10 3.45 1.273 
S1: lack of support from 
headquarter 8.5* 41 2 7 14 11 7 3.34 1.109 
PM1: lack of experience in EPC 
project 8.5* 41 3 7 14 7 10 3.34 1.237 
D6: lack of design coordination 
capacity 10.5* 42 3 5 14 15 5 3.33 1.074 
PM5: deficiencies in planning and 
scheduling 10.5* 42 2 6 17 10 7 3.33 1.074 
HR3: limited capacity of contract 12 41 3 6 16 7 9 3.32 1.192 
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administration 
D1: weakness of project panning 
ability 14* 42 5 5 10 17 5 3.29 1.195 
HR1: limited capacity of 
Architects 14* 41 2 7 13 15 4 3.29 1.031 
P5: difficulties in obtaining 
construction material 14* 42 8 3 11 9 11 3.29 1.436 
Q1: constrained by legal system 
and local regulations 16 41 4 7 12 10 8 3.27 1.245 
F4: weak financial management 17 40 4 7 14 5 10 3.25 1.296 
Q4: unhealthy EPC project 
bidding process 18 40 7 5 11 6 11 3.23 1.441 
F1: lack of finance raising 
channels 19.5* 40 6 5 12 8 9 3.22 1.349 
C1: low level of recognition of 
client 19.5* 41 1 8 17 11 4 3.22 0.962 
P6: material late delivery to 
construction site 21 42 6 6 10 13 7 3.21 1.298 
PM3: lack of risk management of 
EPC project 22 41 2 6 19 10 4 3.2 0.98 
D5: low constructability to design 24* 42 4 5 18 10 5 3.17 1.102 
D7: lack of develop shop drawing 
capacity 24* 42 7 3 14 12 6 3.17 1.267 
P3: weak supply chain 
management 24* 41 2 8 14 15 2 3.17 0.972 
D2: weakness of system 
integrated capacity 26.5* 42 3 9 16 8 6 3.12 1.131 
HR4: limited capacity of 
procurement officer 26.5* 41 2 8 15 15 1 3.12 0.927 
D8: lack of deal with project 
variation capacity 28 42 6 2 22 6 6 3.1 1.165 
S2: lack of project organization 
management system 30* 42 3 9 15 13 2 3.05 1.011 
Q2: cumbersome of Chinese 
qualification system 30* 41 4 6 16 14 1 3.05 0.999 
PM2: unfamiliar with the process 
of EPC project 30* 41 4 10 9 16 2 3.05 1.117 
HR2: limited capacity of M&E 
engineer 32 41 4 8 16 9 4 3.02 1.107 
F2: lack of support from bank 33 40 9 5 11 9 6 2.95 1.377 
P1: lack of latest material 
information 34 41 5 8 16 10 2 2.9 1.068 
D3: unfamiliar with high-tech 
material 35.5* 42 3 12 17 7 3 2.88 1.017 
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Q3: no unified condition of 
contract 35.5* 40 6 2 24 7 1 2.88 0.966 
S4: bureaucracy at the workplace 37 41 5 9 18 9 0 2.76 0.943 
D4: unfamiliar with high-tech 
equipment 38 42 3 16 15 5 3 2.74 1.014 
P2: weak relationship with 
supplier 39 41 5 8 23 5 0 2.68 0.85 
PM4: large number of participants 
of EPC project 40 41 6 8 24 3 0 2.59 0.836 
* Joint ranking 
 
Among the 11 most important attributes, the problems related to clients dominate the 
important attributes. Two of the top three attributes (1 and 3) are related to such 
problems. Similar to the results shown in Table 5.13, the average ratings of problems 
related to clients received the highest score. The other problems in the top rankings 
are from different categories. However, no legal issues or qualification system 
problems are included in the list of top rankings. The author identified different trends 
during the interviews as interviewees indicated that the Chinese qualification system 
is a big obstacle for developing EPC projects in the Chinese construction market. The 
different positions between interviewees and survey respondents might account for 
this difference in the results. For instance, most respondents would not participate in 
the bidding process or the preconstruction stage, so they may not realize the limitation 
of the qualification system in the Chinese construction market. 
 
5.6.2 Weighting criteria 
In addition to ranking important problems, it is also necessary to calculate the 
weighted importance of the associated categories of problems. In this calculation, the 
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means of problems are calculated based on the mean importance rating. The technique 
applied for the calculation of the weighting criteria is the multi-criteria 
decision-making technique, which was discussed in Chapter 3 (Research 
Methodology). The following equations are applied: 
 
1. To calculate the weight of an attribute (Wh) 













        ……………………………….……. (5.2) 
where: 
h = the attribute reference, and there are m number of attributes under one category 
Wh = the weight of attribute h 
ah = the mean importance rating of attribute h obtained from Equation 5.1 
 
2. To calculate the weight of a category (Wc) 























 1            ……………………………...……. (5.4) 
c = the category reference 
Wc = the weight of category c 
ac = the mean importance rating of category c 
ah = the mean importance rating of attribute h obtained from Equation 5.1 
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h = the attribute reference, and there are m number of attributes under one category 
 
The results of applying Equations 5.2 to 5.4 to the data obtained from the survey 
results (i.e., the weight of the importance attributes) are shown in Table 5.15. 
 
5.15 Weightings of problems 










3.1 Problems related to design 3.0982   0.1207  
3.1.1 D1 weakness of project planning ability 3.2857  0.1326   
3.1.2 D2 weakness of system integrated capacity 3.1190  0.1258   
3.1.3 D3 unfamiliar with high-tech material  2.8810  0.1162   
3.1.4 D4 unfamiliar with high-tech equipment 2.7381  0.1105   
3.1.5 D5 low constructability of design 3.1667  0.1278   
3.1.6 D6 lack of design coordination capacity 3.3333  0.1345   
3.1.7 D7 lack of develop shop drawing capacity 3.1667  0.1278   
3.1.8 
D8 lack of deal with project variation 
capacity 3.0952  0.1249   
 Sub-total mean ratings of attributes 24.7857    
3.2 Problems related to financial 3.2250   0.1257  
3.2.1 F1 lack of finance raising channels 3.2250  0.2500   
3.2.2 F2 lack of support from bank 2.9500  0.2287   
3.2.3 F3 cash flow problems 3.4750  0.2694   
3.2.4 F4 weak financial management 3.2500  0.2519   
 Sub-total mean ratings of attributes 12.9000    
3.3 Problems related to organization system 3.1582   0.1231  
3.3.1 S1 lack of support from headquarter 3.3415  0.2645   
3.3.2 
S2 lack of project organization management 
system 3.0476  0.2412   
3.3.3 
S3 lack of effectiveness communication 
between design and construction teams 3.4878  0.2761   
3.3.4 S4 bureaucracy at workplace 2.7561  0.2182   
 Sub-total mean ratings of attributes 12.6330    
3.4 Problems related to human resource 3.2417   0.1263  
3.4.1 HR1 limited capacity of Architects 3.2927  0.2031   
3.4.2 HR2 limited capacity of M&E engineer 3.0244  0.1866   
3.4.3 
HR3 limited capacity of contract 
administration 3.3171  0.2047   
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3.4.4 HR4 limited capacity of procurement officer 3.1220  0.1926   
3.4.5 HR5 unskilled labour 3.4524  0.2130   
 Sub-total mean ratings of attributes 16.2085    
3.5 Problems related to procurement 3.1362   0.1222  
3.5.1 P1 lack of latest material information 2.9024  0.1542   
3.5.2 P2 weak relationship with supplier 2.6829  0.1426   
3.5.3 P3 weak supply chain management 3.1707  0.1685   
3.5.4 P4 late approval by the client 3.5610  0.1892   
3.5.5 
P5 difficulties in obtaining construction 
material 3.2857  0.1746   
3.5.6 P6 material late delivery to construction site 3.2143  0.1708   
 Sub-total mean ratings of attributes 18.8171    
3.6 Problems related to Client 3.5122  0.1369 
3.6.1 C1 low level of recognition of client 3.2195  0.3056   
3.6.2 C2 too much power of client 3.4634  0.3287   
3.6.3 C3 no clear requirement of client 3.8537  0.3657   
 Sub-total mean ratings of attributes 10.5366    
3.7 
Problems related to legal and 
qualification system 3.1043   0.1210  
3.7.1 
Q1 constrain by the legal system and local 
regulations 3.2683  0.2632   
3.7.2 
Q2 cumbersome of Chinese qualification 
system 3.0488  0.2455   
3.7.3 Q3 no unified condition of contract 2.8750  0.2315   
3.7.4 Q4 unhealthy EPC project bidding process 3.2250  0.2597   
 Sub-total mean ratings of attributes 12.4171    
3.8 
Problems related to project management 
system 3.1872   0.1242  
3.8.1 PM1 lack of experience in EPC project 3.3415  0.1747   
3.8.2 
PM2 unfamiliar with the process of EPC 
project 3.0488  0.1594   
3.8.3 
PM3 lack of risk management of EPC 
project 3.1951  0.1671   
3.8.4 
PM4 large number of participants of EPC 
project 2.5854  0.1352   
3.8.5 
PM5 deficiencies in planning and 
scheduling 3.3333  0.1743   
3.8.6 PM6 poor subcontracting management 3.6190  0.1892   
 Sub-total mean ratings of attributes 19.1231    
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5.7 ANOVA Test 
Next the researcher sought to clarify whether or not the opinions of the separate 
contractor groups are the same on the various issues examined in this study. Table 
5.16 shows ―F statistics‖ (based on F-ratio or value), which tests the null hypothesis 
that all groups have the same mean. ―F significant‖ indicates the probability of 
rejecting the null hypothesis. A probability value (sig.) below 0.05 suggests a high 
degree of difference of opinion between groups in relation to that factor. 
 
The ANOVA test is carried out in order to examine whether respondents differed in 
their perception of problems based on their type of organization (contractors and 
design institutes) during EPC projects in China. The ANOVA test is administered to 
test the null hypothesis that mean values of the problems are equal for all groups. The 
results of the ANOVA test are shown in Table 5.16. D1 (weakness of project planning 
ability), D3 (unfamiliar with high technology), and D4 (unfamiliar with high-tech 
equipment) accepted the null hypothesis, which means that no significant differences 
exist between contractors and design institutes. According to the results, the 
remaining five problems related to design (weakness of system integrated capacity, 
low constructability of design, lack of design coordination capacity, lack of developed 
shop drawing capacity, and lack of deal with project variation capacity) rejected the 
null hypothesis. The scores received from the contractors and design institute have 
significant differences. The average means from the contractors are higher than those 
from the design institutes. The contractors think that the design problems have a 
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significant effect on EPC projects’ success, whereas design institutes think the effect 
is not as significant. The design institutes are professionals in design works, so they 
might not face design problems during EPC projects. Meanwhile, most contractors 
lack of design experience, so they face more design problems during EPC projects. 
 
As indicated in Table 5.16, the scores of the financial problems (lack of finance 
raising channels, lack of support from bank, cash flow problem, and weak financial 
management) demonstrated a significant difference between contractors and design 
institutes. Once again, the contractors also ranked these at a higher score than the 
design institutes. One reason for this might be that most EPC projects built by design 
institutes are public projects, such as power stations and chemical projects; as such, 
most projects are funded by the central or regional governments. 
 
According to the ANOVA test results listed in Table 5.16, organization management 
S1 (lack of support from headquarters) and S3 (lack of effectiveness communication 
between design and construction teams) reject the null hypothesis, and they highlight 
significant differences between contractors and design institutes. Contractors and 
design institutes gave a similar score on S2 (lack of organization management system) 
and S4 (bureaucracy at the workplace). 
 
Only one of the problems related to human resources (limited capacity of contract 
administration) indicate a significant difference between the contractors and design 
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institutes according the results shown in Table 5.16. The other four problems related 
to human resources (limited capacity of architects, limited capacity of M & E 
engineer, limited capacity of procurement officer, and unskilled labour) did not reject 
the null hypothesis, which means the scores demonstrated no significant difference 
between the contractors and design institutes. 
 
Similar to human resources, only one of six problems related to procurement 
(difficulties in obtaining construction materials) showed a significant difference 
between contractors and design institutes. Lack of latest material information, weak 
relationship with supplier, weak supply chain management, late approval by client, 
and late material delivery to construction site received the same scores from the 
contractors and design institutes (see Table 5.16), meaning no significant difference 
between these two groups. 
 
Table 5.16 further indicates that problems related to the client (low level of 
recognition of client, too much power of client, and no clear requirement of client) 
resulted in significant differences between the contractors and design institutes. In the 
category of problems related to legal and qualification system, according to the test 
results, the legal system and local regulation constraints, cumbersome Chinese 
qualification system, and lack of unifying condition of contracts received the same 
scores between the contractors and design institutes. Only the problem unhealthy EPC 




In addition, Table 5.16 identified two problems related to project management 
system—lack of experience in EPC project and deficiencies in planning and 
scheduling—showed a significant difference between the contractors and design 
institutes. The problems of unfamiliarity with the process of EPC projects, lack of risk 
management of EPC project, large number of participants of EPC projects, and poor 
subcontracting management received the same scores, showing no significant 
difference between the contractors and design institutes. In this category, most 
interviewees during the face-to-face interview emphasized risk management. 
Table 5.16 ANOVA for various groupings (contractors and design institutes) 








desig F Sig. 
D1 weakness of project 
planning ability 
Between Groups 3.685 3.685 3.61 2.90 2.910 .097 
Within Groups 45.579 1.266       
Total 49.263         
D2 weakness of system 
integrated capacity 
Between Groups 5.504 5.504 3.46 2.60 5.034 .031* 
Within Groups 39.364 1.093       
Total 44.868         
D3 unfamiliar with 
high-tech material 
Between Groups 2.406 2.406 3.07 2.50 2.258 .142 
Within Groups 38.357 1.065       
Total 40.763         
D4 unfamiliar with 
high-tech equipment 
Between Groups 3.252 3.252 2.96 2.30 3.158 .084 
Within Groups 37.064 1.030       
Total 40.316         
D5 low constructability of 
design 
Between Groups 6.353 6.353 3.43 2.50 5.530 .024* 
Within Groups 41.357 1.149       
Total 47.711         
D6 lack of design 
coordination capacity 
Between Groups 6.550 6.550 3.64 2.70 6.120 .018* 
Within Groups 38.529 1.070       
Total 45.079         
D7 lack of finance raising 
channels 
Between Groups 9.032 9.032 3.61 2.50 7.197 .011* 
Within Groups 45.179 1.255       
Total 54.211         
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D8 lack of deal with 
project variation capacity 
Between Groups 6.353 6.353 3.43 2.50 5.275 .028* 
Within Groups 43.357 1.204       
Total 49.711         
F1 lack of finance raising 
channels  
Between Groups 14.000 14.000 3.43 2.30 8.875 .005* 
Within Groups 53.638 1.578       
Total 67.639         
F2 lack of support from 
bank 
Between Groups 13.388 13.388 3.21 2.10 8.531 .006* 
Within Groups 53.362 1.569       
Total 66.750         
F3 cash flow problems Between Groups 8.496 8.496 3.61 2.80 6.528 .015* 
Within Groups 44.254 1.302       
Total 52.750         
F4 weak financial 
management 
Between Groups 9.615 9.615 3.39 2.50 6.241 .017* 
Within Groups 52.385 1.541       
Total 62.000         
S1 lack of support from 
headquarter 
Between Groups 5.481 5.481 3.54 2.80 4.844 .034* 
Within Groups 39.600 1.131       
Total 45.081         
S2 lack of project 
organization management 
system 
Between Groups 2.845 2.845 3.32 2.70 3.181 .083 
Within Groups 32.207 .895       
Total 35.053         
S3 lack of effectiveness 
communication between 
design and construction 
team 
Between Groups 10.967 10.967 3.79 2.70 8.353 .007* 
Within Groups 45.952 1.313       
Total 
56.919   
  
    
S4 bureaucracy at work 
place 
Between Groups 2.961 2.961 2.93 2.40 3.788 .060 
Within Groups 27.363 .782       
Total 30.324         
HR1 limited capacity of 
Architects 
Between Groups 1.692 1.692 3.36 3.00 1.612 .213 
Within Groups 36.741 1.050       
Total 38.432         
HR2 limited capacity of 
M&E engineer 
Between Groups 3.172 3.172 3.14 2.60 2.547 .120 
Within Groups 43.585 1.245       
Total 46.757         
HR3 limited capacity of 
contract administration 
Between Groups 8.889 8.889 3.57 2.60 7.772 .009* 
Within Groups 40.030 1.144       
Total 48.919         
HR4 limited capacity of 
procurement officer 
Between Groups 1.146 1.146 3.18 2.90 1.406 .244 
Within Groups 28.530 .815       
Total 29.676         
HR5 unskilled labour Between Groups 2.467 2.467 3.50 3.10 1.558 .220 
Within Groups 57.007 1.584       
Total 59.474         
P1 lack of latest material Between Groups 1.021 1.021 2.96 2.70 .852 .362 
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information Within Groups 41.952 1.199       
Total 42.973         
P2 weak relationship with 
supplier 
Between Groups 1.744 1.744 2.79 2.40 2.646 .113 
Within Groups 23.067 .659       
Total 24.811         
P3 weak supply chain 
management 
Between Groups 3.652 3.652 3.29 2.70 3.918 .056 
Within Groups 32.619 .932       
Total 36.270         
P4 late approval by the 
client 
Between Groups 3.101 3.101 3.71 3.20 2.933 .096 
Within Groups 37.007 1.057       
Total 40.108         
P5 difficulties in obtaining 
construction material 
Between Groups 12.728 12.728 3.71 2.40 6.930 .012* 
Within Groups 66.114 1.837       
Total 78.842         
P6 material late delivery to 
construction site 
Between Groups 3.611 3.611 3.50 2.80 2.296 .138 
Within Groups 56.600 1.572       
Total 60.211         
C1 low level of recognition 
of client 
Between Groups 4.889 4.889 3.39 2.70 5.933 .020* 
Within Groups 28.841 .824       
Total 33.730         
C2 too much power of 
client 
Between Groups 9.069 9.069 3.68 2.70 10.52 .003* 
Within Groups 30.174 .862       
Total 39.243         
C3 no clear requirement of 
client 
Between Groups 10.443 10.443 4.14 3.10 10.59 .003* 
Within Groups 34.530 .987       
Total 44.973         
Q1 constrain by the legal 
system and local 
regulations 
Between Groups 2.563 2.563 3.46 3.00 1.849 .183 
Within Groups 48.519 1.386       
Total 51.081         
Q2 cumbersome of 
Chinese qualification 
system 
Between Groups 1.301 1.301 3.11 2.80 1.255 .270 
Within Groups 36.267 1.036       
Total 37.568         
Q3 no unified condition of 
contract 
Between Groups 2.735 2.735 2.89 2.50 3.190 .083 
Within Groups 29.154 .857       
Total 31.889         
Q4 unhealthy EPC project 
bidding process 
Between Groups 10.267 10.267 3.43 2.50 5.627 .023* 
Within Groups 62.038 1.825       
Total 72.306         
PM1 lack of experience in 
EPC project 
Between Groups 10.123 10.123 3.64 2.60 8.227 .007* 
Within Groups 43.067 1.230       
Total 53.189         
PM2 unfamiliar with the 
process of EPC project 
Between Groups 2.595 2.595 3.18 2.70 2.286 .140 
Within Groups 39.730 1.135       
Total 42.324         
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PM3 lack of risk 
management of PEC 
project 
Between Groups 1.879 1.879 3.29 2.90 2.587 .117 
Within Groups 25.419 .726       
Total 27.297         
PM4 large number of 
participants of EPC project 
Between Groups 1.256 1.256 2.71 2.40 2.147 .152 
Within Groups 20.474 .585       
Total 21.730         
PM5 deficiencies in 
planning and scheduling 
Between Groups 5.235 5.235 3.64 2.80 4.955 .032* 
Within Groups 38.029 1.056       
Total 43.263         
PM6 poor subcontracting 
manangement 
Between Groups 1.540 1.540 3.86 3.40 1.210 .279 
Within Groups 45.829 1.273       
Total 47.368         
Notes: * F = (found variation of the group averages/expected variation of the group average) 
 
In conclusion, 19 of the 40 problems summarized in Table 5.16 are shown to be 
significant as a result of the ANOVA tests. Among these problems, contractors and 
design institutes have significantly different perceptions in three categories: problems 
related to design, financial issues, and clients. The other five categories seem to have 
no significant difference overall between contractors and design institutes. 
 
5.8 Factor Analysis  
5.8.1 Reliability analysis 
Reliability of the variables was examined to determine internal consistency; i.e., 
whether all items in the questionnaire measure the same thing. Cronbach’s alpha (α ) 
is a measure of reliability that typically varies between 0 and 1. The closer it is to 1, 
the greater the internal consistency is. The Cronbach’s alpha coefficient of a scale 
should be above 0.7 (Pallant, 2001). In the current study, the coefficient was 0.9835, 
as shown in Table 5.17; thus, the questionnaire has good internal consistency. 
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Table 5.17 Reliability Coefficients 
Cronbach’s Alpha Number of items Number of cases 
.9835           40           30 
 
5.8.2 Exploratory factor analysis 
During the EFA process, items exhibiting low factor loadings (<0.45) or showing high 
cross loadings (>0.45) (Comrey, 1973) are candidates for elimination until a clean and 
rigid factor structure is obtained. The rule is to drop the least important factors from 
the analysis, by dropping all components with eigenvalues under 1.0. The eigenvalue 
for the given factor measures the variance in all variables accounted for by that factor. 
The eigenvalue denotes the relative importance of each factor. If a factor has a low 
eigenvalue, it is contributing less to the explanation of variances in the variables and 
may be ignored as redundant with more important factors. Varimax rotation is 
performed to obtain more interpretable results. Unrotated solutions are hard to 
interpret because variables tend to load on multiple factors. Varimax rotation is the 
most common rotation option. Varimax rotation minimizes the number of variables 
with high loadings on any single given factor. Each factor tends to have either large or 
small loadings of particular variables on it. A varimax solution yields results that 
make is as easy as possible to identify each variable with a single factor. 
 
Factor loadings of 0.45~0.54, 0.55~0.62, 0.63~0.70 and >0.70 are considered to be 
fair, good, very good, and excellent, respectively (Comrey, 1973). In this study, 
measurement items with a factor loading of less than 0.45 are considered to be 
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inconsistent. Meanwhile, measurement items with factor loadings on more than one 
factor higher than 0.45 are also considered to be inconsistent.  
 
During the EFA process, 11 items were eliminated because the factors loadings on 
more than one factor were higher than 0.45. For instance, Financial 1 (lack of 
financial channels) has 0.569 and 0.586 factors loadings on components 1 and 4, 
respectively. These 11 items include lack of finance raising channels (F1), weak 
financial management (F4), lack of support from headquarters (S1), lack of project 
organization management system (S2), lack of effective communication between 
design and construction teams (S3), limited capacity of architects (HR1), limited 
capacity of M&E engineer (HR2), limited capacity of contract administration (HR3), 
low level of recognition of client (C1), large number of participants in EPC projects 
(PM4), and poor subcontracting management (PM6). 
 
Based on having an eigenvalue greater than 1, six factors were extracted from the data. 
These 6 factors explain a total of 81.563% of the variance. These six factors were 
orthogonally rotated by Varimax rotation for easier interpretation. The rotated factor 
loadings are shown in Table 5.16. 
 
The first factor is composed of nine variables that reflect problems related to EPC 
projects’ financial capability aspect: weak supply chain management (P3), late 
approval by the client (P4), difficulties in obtaining construction materials (P5), late 
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material delivery to construction site (P6), lack of support from bank (F2), cash flow 
problem (F3), limited capacity of procurement officer (HR4), unskilled labour, 
unfamiliarity with the installation works (HR5), and lack of experience in EPC project 
(PM1). HR4 was directly related to procurement, and in HR5 labourers were usually 
unfamiliar with the new equipment and material; this also related to the procurement 
of equipment and materials. In a construction project, the procurement process always 
relates to the commercial activities of one project, so it can be classified as projects’ 
financial capability. However, the variable PM1 could not be explained in the list of 
this factor. 
 
Seven variables compose the second factor reflecting problems related to the external 
environment of the project: legal system and local regulation constraints (Q1), 
unhealthy bidding process (Q4), bureaucracy at the workplace (S4), too much power 
of client (C2), no clear requirement of client (C3), lack of latest material information, 
especially for foreign suppliers information (P1), and deficiencies in planning and 
scheduling (PM5). 
 
The third factor is made up of six variables all related to design problems: weakness 
of project planning ability (D1), weakness of system integrated capacity (D2), low 
constructability of design (D5), lack of design coordination capacity (D6), lack of 
developed shop drawing capacity (D7), and lack of dealing with project variation 
capacity (D8). 
108 
The fourth factor is made up of three variables that reflect uncertainties of projects: 
unfamiliarity with high-tech material (D3), unfamiliarity with high-tech equipment 
(D4), and no unified condition contract (Q3). The fifth factor is made up of two 
variables which reflect problems related to the project management system: 
unfamiliarity with the process of the EPC project (PM2) and lack of risk management 
in the EPC project (PM3). Finally, the sixth factor is made up of two variables that 
reflect relationships: cumbersome Chinese qualification system (Q2) and weak 
relationship with supplier (P2). The cumbersome Chinese qualification system reflects 
the relationship with the government. In order to get approval from the government, 
construction firms should have a good relationship with it. 
  
 
Table 5.18 Rotated factor matrix 
  
Factor 
1 2 3 4 5 6 
P5 .747 .364 .262 .193 -.017 .229 
P3 .739 .211 .316 .291 .237 .009 
P6 .726 .064 .061 .363 .211 .289 
P4 .702 .268 .242 .056 .419 .083 
F3 .677 .347 .328 .192 .024 .387 
HR4 .629 .248 .174 .335 .407 -.039 
PM1 .568 .441 .186 .268 .369 .156 
HR5 .550 .268 .111 .262 .309 .537 
F2 .457 .319 .448 .374 .098 .374 
Q1 .165 .758 .314 .108 .179 .299 
Q4 .346 .671 .167 .447 .026 .317 
S4 .351 .663 .401 .243 .313 .071 
PM5 .443 .608 .174 -.052 .436 .210 
P1 .399 .599 .134 .463 .044 .045 
C3 .320 .578 .186 .345 .296 .128 
C2 .085 .474 .323 .309 .402 .342 
D8 .159 .235 .870 .291 .096 .101 
D5 .401 .027 .713 .329 .303 -.045 
D6 .280 .417 .686 .201 .115 .214 
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D2 .073 .232 .616 .310 .415 .274 
D1 .297 .357 .588 .085 .346 .126 
D7 .270 .377 .529 .446 .280 .179 
D4 .283 .140 .238 .823 .101 .117 
D3 .109 .172 .343 .797 .158 .193 
Q3 .204 .402 .276 .636 .322 .089 
PM3 .169 .099 .216 .351 .686 .045 
PM2 .380 .379 .231 .242 .544 .372 
Q2 .304 .445 .210 .322 .117 .615 
P2 .284 .155 .479 .440 .180 .537 
 
5.9 Summary 
5.9.1 Conclusion of statistical test 
Table 5.19 presents a summary of the purpose of the statistical techniques adopted in 
the study. 
 
Table 5.19 List of statistical tests 
Objective Statistical test 
Performance level of EPC projects. T-test of mean. 
Key factors impacting on EPC projects’ 
performance. 
Multivariate regression analysis. 
Problems encountered by Chinese 
construction firms in China. 
The ranking method is used to rank the problems and 
to identify Chinese construction firms’ most common 
problems. 
The ANOVA test is carried out to examine whether 
respondents differed in their perception of problems 
based on their types of organization (contractors and 
design institutes) 
The exploratory factor analysis is used to reduce and 
regroup the problems encountered by Chinese 
construction firms on EPC projects in China. 
5.9.2 Summary of the results 
This chapter reports and discusses the research results. 
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The t-test results show that performance of the contractors on 6 metrics is not good. 
The performance related to cost is bad when Chinese construction firms implemented 
EPC projects in China. From the previous review, Chinese construction firms usually 
have weak financial capability. Also they have a lower profit ratio compared to 
foreign constriction firms as indicated in China’s statistical yearbook. 
 
The MLR analysis results indicate that the effectiveness of the project management 
action and working relationships among project team members were positively related 
with the EPC projects’ performance, while economic environment negatively affected 
EPC project’s performance. It can be seen from the results that these three factors 
were very important for the success of EPC projects in China. 
 
From the ranking process results, problems related to Client, human resource, and 
financial matters are the top 3 problems encountered by the Chinese construction 
firms in China. Low-level of recognition of client and imperfect market development 
were discussed in Chapter 2, Section 2.7. Many clients do not realize the advantages 
of the EPC project procurement mode in China. Also, the lack of skills to undertake 
EPC projects was considered in the literature review. Chinese construction firms are 
generally lacking in trained professionals, such as in the areas of project management, 
finance management, and law. In addition, the lack of financial capability is a 
significant weakness for Chinese construction firms. 
 
111 
The ANOVA test results show the different problems encountered by contractors and 
design institutes. On problems related to design, financial capability, and clients, there 
were significant differences between contractors and design institutes. Contractors 
faced more problems than design institutes in undertaking EPC projects in China. The 
averages of the means for the contractors were higher than those for the design 
institutes. As can be seen from the results, the design institutes were more 
professional than the contractors on EPC projects in the Chinese construction market. 
 
The exploratory factor analysis results indicate 6 new groups of problems encountered 
by Chinese construction firms. These are: financial capability, external environment, 
design, uncertainties, project management system, relationships. A total of 40 
problems are investigated during the field survey in China. Eleven least important 
problems are dropped and 29 problems are grouped into six categories during the tests. 
After comparison with the points outlined in the literature review, Section 2.7, 
financial capability, design and project management system were unchanged, but 
external environment, uncertainties and relationships were addressed in the test. It is 
important for the Chinese construction firms to focus more on these three aspects 






CHAPTER 6 SUMMARY AND CONCLUSIONS 
This chapter summarizes the main findings for this study before concluding it. 
Research problems encountered in the course of this study are also discussed. In 
addition, the limitations of this research and recommendations for the further study 
are presented in this chapter. 
 
6.1 Summary 
Despite the rapid development of the Chinese construction industry, the 
implementation of EPC and turnkey projects is very much in the infancy stage. As 
highlighted in Chapter 1, many studies have discussed the EPC project in China, but 
they have failed to focus on the performance of EPC projects operated by Chinese 
construction firms in China. As a result, the current study has sought to measure the 
performance of such EPC projects. 
 
The success or failure of one project can be measured by five aspects: time, cost, 
quality, factor related to clients, and safety (see Section 2.4). Based on the review of 
critical success factors in general projects and DB projects, the factors that may affect 
success of EPC project have been investigated (see Section 2.6). Chapter 2 also 
provided a background of the construction industry in China. The EPC project has 
only recently been introduced, and many problems have been encountered by Chinese 
construction firms when they operate EPC projects in China (see Section 2.7). 
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To fulfil the research objectives, this study adopted a survey research design (see 
Chapter 3). The survey design is appropriate methodology for achieving the 
objectives set out in Chapter 1. The data collection instrument used was a 
questionnaire (see Appendix A). Data were collected via mail, email, and face-to-face 
interviews. SPSS was used to analyze the data (see Section 3.6). Data were collected 
in four areas of mainland China: Beijing, Tianjin, Chongqing, and Sichuan province 
(see Chapter 4). 
 
6.2 Summary of Findings and Validation of the Hypotheses 
This section summarizes the main findings of this study and validates the research 
hypotheses. 
 
6.2.1 EPC project performance in Chinese construction market 
To identify the performance of EPC projects operated by Chinese construction firms 
in China, 18 measurements were examined to identify performance related to time, 
cost, quality, safety, and owner’s issue. According to the t-test results (see Section 5.3), 
six performance measurements of EPC projects operated by Chinese construction 
firms are not good: 
 delivery speed 
 schedule growth 
 unit cost  
 cost growth 
 profit 
 owner’s administrative burden 
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As the test results indicate, the EPC projects’ cost performance is usually not good; 
meanwhile, time performance is relatively good when Chinese construction firms 
operate EPC projects in China.  
 
6.2.2 EPC project critical success factors’ performance 
A total of 12 factors were investigated in this research through the surveys using a 
5-point Likert scale. According to the results, five factors of EPC projects operated by 
Chinese construction firms demonstrated poor performance: 
 physical and social environment 
 economic environment 
 competency of client body 
 client input in the project 
 application of innovative management approach 
As shown in the result, except for the application of an innovative management 
approach, the other four factors are all external factors. These four factors are difficult 
to manage when the Chinese construction firms operate EPC projects in China. Poor 
performance in applying an innovative management approach may stem from the fact 
that Chinese construction firms usually lack research and development capacity.  
 
6.2.3 Critical success factors impact on the EPC projects’ 
performance 
The first objective of this study was to examine the key factors impacting on the EPC 
project’s performance in the Chinese construction market. A multivariate linear 
regression (MLR) analysis was used to estimate the relationship between the success 
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factors and project’s performance. The effectiveness of the project management action 
and working relationships among project team members were positively related with 
the EPC projects’ time performance. Working relationships among project team 
members significantly affect EPC project’s unit cost performance.  
 
During the statistical analysis of the quality performance of the EPC project in China, 
many factors were found to be significantly related to the quality of EPC projects. 
Based on the MLR result, the economic environment is negatively related to quality 
performance. One reason for this may be that the construction firms can procure more 
projects during good economic conditions, and Chinese construction firms should 
improve their qualify performance to enhance their reputation if the economic 
environment is not good. In addition, client’s emphasis on risk transfer, competency 
of contractors, effectiveness of project management action, and working relationships 
among project team members positively impact EPC projects’ quality performance in 
the Chinese construction market.  
 
The owner’s administrative burden is positively affected by physical and social 
environment, client’s input in the project, and competency of contractors. The client’s 
emphasis on risk transfer has a positive impact on the EPC project’s achievement of 
the owner’s requirement. Physical and social environment positively impact 
shareholder satisfaction, whereas the economic environment negatively impacts it. 
Only one factor is significantly related to the EPC project’s health, environment and 
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safety performance: The physical and social environment positively impacts its 
performance. 
 
6.2.4 Problems encountered by Chinese construction firm 
The second objective of this study was to investigate the problems encountered by 
Chinese construction firms when they operated EPC projects in China. Firstly, using 
the calculated means of each category, the top three problems were identified as 
relating to client, human resource, and financial issues. The top 10 of 40 problems 
were then investigated, which included: 
 no clear requirement 
 poor subcontracting management 
 late approval by the client 
 lack of effectiveness communication between design and construction 
teams 
 cash flow problems  
 too much power of client 
 unskilled labour 
 lack of support from headquarters 
 lack of experience in EPC project 
 lack of design coordination capacity 
 deficiencies in planning and scheduling 
6.2.5 Problems encountered by contractor and design institute 
The main body operating an EPC project could be a contractor or design institute. An 
ANOVA test was carried out in order to examine whether respondents differed in their 
perceptions of problems based on their type of organization (contractors and design 
institutes) during EPC projects in China. According to the test results, problems 
related to design, financial capability, and clients showed significant differences 
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between contractors and design institutes. Contractors thought that these three 
problems have more effect on EPC projects in China than design institutes did. It is 
worthy nothing that the design-related issues that significantly affect the 
implementation of EPC projects are those operated by contractors. Meanwhile, 
problems related to the organization system, human resources, procurement, legal, 
and qualification system are not significantly different between design institutes and 
contractors. 
 
6.2.6 Validation of the hypotheses 
The hypotheses of this research were previously stated in Section 1.6: 
H1: Several factors, including economic environment, competency of client body, 
client’s input in the project, competency of contractor’s design consultant, 
effectiveness of project management team, and work relationships among project 
team members may impact the EPC projects performance in China (see Section 
1.6). 
The results indicate that effectiveness of the project management team and working 
relationships among project team members are positively related to EPC projects’ 
performance but the economic environment has a negative relationship (see Section 
5.5). 
 
H2: Chinese construction firms have problems in certain areas when operating EPC 
projects in China. These eight areas include design ability, financial capability, 
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organization management system, human resources, procurement, client issue, 
legal and qualification system, and project management system (see Section 1.6). 
This hypothesis was comprehensively addressed in Sections 5.6 to 5.8. The discussion 
demonstrated that Chinese construction firms have problems related to clients, human 
resources, and financial issues. 
 
6.3 Recommendations 
6.3.1 Recommendations for Chinese construction firms 
The study reveals that several problems face Chinese construction firms when they 
implement EPC projects in China. In order to improve the EPC project performance, 
some recommendations are provided in this section. First, Chinese construction firms 
should enhance their financial capacity. Most large EPC projects are financed by the 
main contractors in the pre-construction stage. Chinese construction firms should 
increase their finance-raising channels as well as improve their credit ratings in order 
to acquire financing from banks. Second, Chinese construction firms should enhance 
their design ability, especially for contractors. Design and construction tasks are 
traditionally separated. The design process should focus on the integration of the full 
lifecycle of the EPC project. Joint ventures between design institutes and contractors 
are a good way to improve their competitiveness in the Chinese construction market. 
In the procurement stage, the establishment of a supplier database and supplier 
evaluation system could increase the effectiveness of project procurement. Selecting 
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reputable and long-term suppliers would more effectively reduce costs and time while 
improving the quality of the projects. 
 
Chinese construction firms should establish good communication mechanisms among 
project teams and strengthen communication between project teams and headquarters. 
During implementation of EPC projects, it would be better to clarify each team’s or 
individual’s responsibility. In addition, Chinese construction firms should 
communicate with clients in a timely manner, including requesting information from 
clients regarding issues with no clear requirements. Each party should understand the 
other’s contract responsibility.  
 
Furthermore, Chinese construction firms should build a good system for training 
integrated talent. Management teams should be knowledgeable about EPC projects as 
a full lifecycle management process integrating design, finance, contract, construction, 
and project management. Training should also include technical issues as well as 
safety and health aspects. In addition, Chinese construction firms should enhance their 
research and development capacity. Both technology and management knowledge in 
the construction industry have been developing very rapidly in the 21
st
 century. 
However, many Chinese construction firms ignore the importance of research as it 
does not create direct profit for them. In order to improve the competitiveness of 
Chinese construction firms, establishing a research and development department is 
necessary. 
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Finally, the complex project environment creates much uncertainty when Chinese 
construction firms conduct EPC projects in China. It is necessary to build a risk 
breakdown structure in the full lifecycle of the project and use risk analysis methods 
such as risk checklists and decision trees to minimize project risk. By incorporating 
risk management, these firms could improve their cost performance. 
 
6.3.2 Recommendations for Chinese construction industry 
In the Chinese construction industry, some problems prevent the development of EPC 
projects. For instance, in some province, some regulations state that the design and 
construction must be bid separately for one project. Thus, the design and construction 
cannot be procured together. This approach is not encouraging the implementation of 
EPC projects in the construction market. It is recommended that the construction 
regulations be improved to encourage construction firms that have the ability to be in 
charge of design and construction together. In addition, no unified condition of 
contract exists for EPC projects in China. It would be better for regulating and 
improving the market if the Chinese government were to produce a unified EPC 
contract. It is also recommended that the increased EPC project delivery method be 




6.4 Contribution to Knowledge 
This study has improved the knowledge related to EPC projects operated by Chinese 
construction firms in China. First, it has made clear the level of performance of 
Chinese firms on EPC projects. It has found that the level should be significantly 
improved if Chinese firms are to become major players in this important category of 
construction projects. Second, the factors which influence success on EPC projects 
undertaken in China are identified and explained in the study. It was found that the 
success of EPC projects is affected by several factors, such as economic environment 
and working relationships among team members. Third, the study has highlighted the 
problems encountered by Chinese construction firms during implementation of EPC 
projects in China. As a result, this research has been able to provide answers to 
various aspects of the knowledge gaps relating to EPC project performance in China. 
This present research has contributed towards improving the performance of Chinese 
construction firms of EPC projects in China. 
 
6.5 Contribution to Practice 
The contribution to practice is that this study identified the most common problems 
encountered by Chinese construction firms in China. According to the results, Chinese 
construction firms realize the performance and critical success factors for the success 
of EPC projects in China. Chinese construction firms should focus more on the cost 
management during EPC projects in China. In addition, improving the working 
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relationships and effectiveness of project management may lead to EPC project 
success. Many problems encountered by Chinese construction firms have been 
discussed in this study, and most are addressed after the data analysis. Chinese 
construction firms may enhance their implementation level of EPC projects in China 
by mitigating these problems. 
 
6.6 Limitations of the Research 
One limitation of this research relates to the objectivity and subjectivity of the 
attitudinal data collected during the fieldwork. The subjective scores were calculated 
based on respondents’ perceptions and attitudes towards the questions using Likert 
scales. Thus, different respondents inevitably attached different values to the different 
points of the scale. 
 
The second limitation is that this research does not consider other problems besides 
the 40 problems listed in the questionnaire. During the in-depth interviews with 
respondents, some problems such as low bidding and effectiveness of safety 
management were identified, although they were not included in the list of problems. 
 
The third limitation of this research is that the clients of EPC projects are not included 
in the fieldwork. Clients may have a significantly different perception than contractors. 
Comparing the opinions between clients and contractors would benefit the 
comprehensive realization of the performance of EPC projects in China. 
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Finally, the study used a relatively small sample size. This limitation may have 
restricted the generalization of the findings. The exploratory factor analysis in this 
research may show significant importance of the results if a larger sample size is 
provided. 
 
6.7 Recommendations for Future Research 
One recommendation for future research is to include the perceptions of clients in 
studying EPC projects. Future studies could collect the data from clients and 
contractors and the measurements of EPC project’s performance could from both 
sides.  
 
Future studies can also incorporate other variables not included in this study, such as 
EPC project bidding procedures and different types of projects to obtain more useful 
information. 
 
Finally, future research should use a case study approach to investigate the problems 
that Chinese construction firms face during EPC projects in China. By focusing on 
several EPC projects, problems might be investigated into some details through 
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APPENDIX A SAMPLE LETTER AND SURVEY QUESTIONNAIRE 
Questionnaire 
 
Part 1: General information 
Please tick the appropriate boxes. 
 
Personal information 
Name:                                
Company:                             
Age:     ; Years of experience in construction:      ; Years of experience in EPC:     ; 
Total EPC projects you have worked on:              
Position of respondent in the firm? 
[  ] Director            [  ] Project manager 
[  ] Site manager       [  ] Estimator         [  ] Engineer ________ 
[  ] Others (please specify):                       
 
Company information 
1. How many people are employed at your company:                       
2. What is the type of your company? 
[  ] Design institute              [  ] Construction firm  
[  ] Design and construction firm  [  ] Project management firm 
3. What is the company’s registered class? 
  [  ] A1 [  ] A2 [  ] A3 
4. What is the company’s turnover in 2008 and 2009? 
  2008:             million RMB; 2009:              million RMB 
5. Does the company’s headquarter have the department for the EPC project? 
[  ] Yes      [  ] No 
6. How many years of experience has your company been involved in EPC projects? 
[  ]﹤5 yrs     [  ] 5-10 yrs      [  ] ﹥10 yrs. 
7. Business location of the company? 
  [  ] Nearly all over China  [  ] Some part of China (Please specify                ) 
8. The highest EPC project value conducted by your company? 
  Value:                
9. Does your company provide the formal training for EPC project? 
  [  ] Yes      [  ] No 
 
Part 2: Project information 
In this part, would you please fill in the latest EPC project information that you 
implemented.  
Contract value:            ; Contract duration:             
How many people are employed at your project:                
135 
Gross area:            m2; Final project cost:                 
Project start date:          ; Project construction start date:              
Project end date:          ;  
 
The type of the project? 
[  ] commercial building [  ] electricity [  ] petrochemistry [  ] chemical [  ] metallurgy 
[  ] Others (Please specify_______________) 
 
1. How do you rate the performance of the following project’s success criteria in 
this project? 
(1: very poor 2: poor 3: average 4: good 5: excellent) 
 
1.1 Time factors 
1.1.1 construction on schedule         
1.1.2 construction speed 
1.1.3 delivery speed 
1.1.4 schedule growth                          
         
1.2 Cost factors 
1.2.1 unit cost                             
1.2.2 cost growth                            
1.2.3 Intensity (unit cost/total time)                           
1.2.4 Profit                            
 
1.3 Quality factors 
1.3.1 turnover quality                            
1.3.2 system quality                            
1.3.3 equipment quality                            
1.3.4 functional requirement                            
1.3.5 aesthetics                           
 
1.4 Owner’s factors 
1.4.1 owner’s administrative 
     burden 
1.4.2 owner’s satisfaction                            
1.4.3 owner’s requirement                            
1.4.4 shareholders’ satisfaction                            
 
1.5 Health, environment and safety factors 
1.5.1 environment satisfaction                            
1.5.2 safety satisfaction 
 
2. Would you please select the appropriate point for the factors in this EPC project? 
The rating points (1: very poor 2: poor 3: average 4: good 5: excellent).  
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
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2.1 Physical and social environment 
 
2.2 Economic environment 
 
2.3 Competency of client body              
 
2.4 Client’s input in the project     
 
2.5 Client’s emphasis on time and cost 
 
2.6 Client’s emphasis on risk transfer 
 
2.7 Competency of contractor’s design consultant             
 
2.8 Competency of construction team leader  
 
2.9 Project nature             
             
2.10 Effectiveness of project management action      
        
2.11 Working relationships among project team members  
 
2.12 Application of innovative management approaches 
 
3. Problem encountered in EPC project 
 
Do you think the below problems are occurred during you conducted the EPC project in 
China, if yes, would you select the level of effect that you think the problem affect the 
EPC project? The effect is rated using five scales: (1) no significant effect; (2) low effect; 
(3) some effect; (4) high effect; (5) significant high effect. 
 
3.1 Design ability                                                     
1. weakness of project panning ability                                 
 
2. weakness of system integrated capacity                             
  (especially for the complex system) 
 
3. unfamiliar with the high technologic material 
 
4. unfamiliar with the high technologic equipment 
 
5. low constructability of design                                
 
6. lack of design coordination capacity                                
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
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7. lack of develop the shop drawing capacity                            
 
8. lack of deal with project variation capacity                        
Could you propose some solutions for the above 
problems  
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 
3.2 Financial capability                                                
 
1. lack of finance raising channels                                     
 
2. lack of support from bank                                         
 
3. cash flow problems                                              
 
4. weak financial management                                        
 
Could you propose some solutions or advice for the above problems 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 
3.3 Organization management system                          
1. lack of support from the headquarter                              
 
2. lack of project organization management system                         
 
3. lack of effectiveness communication between design                         
   and construction teams 
4. bureaucracy at the workplace                         
 
Could you propose some solutions or advice for the above problems 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
3.4 Human recourse 
1. limited capacity of Architects                                          
 
2. limited capacity of M & E engineer                                                 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
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3. limited capacity of contract administration                                           
 
4. limited capacity of procurement officer                                            
5. unskilled labour (unfamiliar with the installation works)                         
 
Could you propose some solutions or advice for the above problems 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
3.5 Procurement 
1. lack of latest material information  
(especially for foreign suppliers information)                                                  
 
2. weak relationship with supplier                                   
 
3. weak supply chain management  
                                
4. material late approved by the client 
                                  
5. difficulties in obtaining construction materials                                   
 
6. material late delivery to construction site                                   
 
Could you propose some solutions or advice for the above problems 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 
3.6 Client issues 
1. low level of recognition of client                                 
 
2. too much power of client 
         
3. no clearly requirement of client  (frequent changes)                                  
 
Could you propose some solutions or advice for the above problems 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5
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3.7 Legal and qualification system 
1. constrain by the legal system and local regulations                   
 
2. cumbersome of Chinese qualification system                      
3. no standard EPC contract               
 
Could you propose some solutions or advice for the above problems 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
3.8 Project management system 
1. lack of experience in EPC project                                 
 
2. unfamiliar with the process of EPC project                        
  (e.g. EPC contract) 
 
3. lack of risk management of EPC project                          
 
4. large number of participants of EPC project                          
 
5. deficiencies in planning and scheduling                        
 
6. poor subcontracting management                       
 
Could you propose some solutions or advice for the above problems 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 
3.9 any other problems that are not mentioned in above, please specify in below:- 
 
                                                                                 
 
                                                                                 
 
                                                                                 
 
End of survey 
 
Thank you very much for your cooperation. 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
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姓名：                            （选填） 
公司：                             
年龄：     ； 建筑业相关工作经验：      年； 参与工程总承包项目的经验：      年； 
您参与工程总承包项目的个数：              
您在公司的职位？ 
[  ] 项目董事            [  ] 项目经理 
[  ] 现场经理            [  ] 商务经理        [  ] 工程师 ________ 
[  ] 其它（请注明）：                       
 
公司信息 
1. 您所在公司的员工人数：                       
2. 公司的性质 
[  ] 设计院或设计公司           [  ] 建筑施工企业 
[  ] 兼具设计和施工的公司       [  ] 项目管理公司 
3. 公司的注册资质？ 
   ____________________ 
4. 您所在公司在 2008 年和 2009 年的营业额？ 
  2008：             百万元； 2009：              百万元 
5. 您所在的公司总部是否设立了专门针对工程总承包项目的部门？ 
[  ] 是      [  ] 否 
6. 贵公司参与工程总承包项目的年限？ 
[  ]﹤5 年     [  ] 5-10 年      [  ] ﹥10 年 
7. 贵公司在中国开展业务的地点？ 
  [  ] 全中国范围  [  ] 中国的某些地点（请注明                ） 
8. 贵公司承担的合同额最高的工程总承包项目是多少？ 
  合同额：                
9. 贵公司有没有对工程总承包项目人员进行正式的培训？ 





(1: 非常差 2: 差 3: 一般 4: 好 5: 非常好) 
 
1.6 时间方面 




1.1.4 项目增加的工期                          
         
1.7 成本方面 
1.2.1 单位成本                             
1.2.2 成本的增加                                                      
1.2.3 利润                            
 
1.8 质量方面 
1.3.1 整体质量                            
1.3.2 系统质量                            
1.3.3 设备质量                            
1.3.4 功能的要求                            




1.4.2 业主的满意度                            
1.4.3 业主的要求                            
1.4.4 项目股东的满意度                            
 
1.10 卫生、环境和安全方面 
1.5.1 环境的满意度                            
1.5.2 安全的满意度 
 
2. 以下是影响项目成功与否的 12 个因素，请评价一下工程总承包项目的表现？ 
评分标准（1：非常差 2：差 3：一般 4：好 5：非常好）  
 




2.3 业主方的能力水平              
 






2.7 承包商的设计顾问的能力水平             
 
2.8 建筑施工负责人的能力水平 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
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2.9 项目本身的特点（大小，复杂程度）     
             
2.10 项目管理的效率和有效性 








程总承包项目的影响程度是多少？影响程度分为 5 类： (1) 没有显著的影响；(2) 影响较低；
(3) 有一定的影响；(4) 影响较大 (5) 有显著的影响 
 
3.1 设计能力                                                     
1. 项目规划能力差                                 
 
2. 缺乏对系统的集成能力                             






5. 设计方案的可施工性，可维护性差                                
 
6. 设计协调能力差                                
 




                      
为解决以上问题请您能提供一些好的建议或方法： 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 
3.2 财政能力                                                
 
1. 缺乏融资的渠道                                    
 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
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2. 缺乏银行的支持                                        
 
3. 现金流的问题                                             
 
4. 财政管理能力差                                        
 
为解决以上问题请您能提供一些好的建议或方法： 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 
3.3 组织管理系统                          
1. 缺乏项目总部的支持                              
 




4. 项目所处的环境存在腐败状况                         
 
为解决以上问题请您能提供一些好的建议或方法： 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
3.4 人力资源 
1. 建筑师能力有限                                         
 
2. 机电工程师能力有限                                                
 
3. 合同管理人员能力有限                                          
 
4. 采购人员能力有限                                           
 
5. 工人不熟练（对安装等过程不熟悉）                                           
为解决以上问题请您能提供一些好的建议或方法： 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
3.5 采购 
1. 缺乏最新材料供应商的信息  
(特别是一些外国厂家的信息)                                                  
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
1 2 3 4 5 
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2. 与供应商的关系差                                   
 
3. 供应链管理差 
                                
4. 业主审批材料延迟 
                                  
5. 难以获得建筑材料                                   
 
6. 材料运送到施工现场较晚                                   
 
为解决以上问题请您能提供一些好的建议或方法： 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 
3.6 业主方面的问题 
1. 业主的认知度比较差                                
 
2. 业主权力太大 
         
3. 业主的要求不明确 (项目变更频繁)                                  
 
为解决以上问题请您能提供一些好的建议或方法： 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 
3.7 法规和资格认证 
1. 项目受到法规和当地规定的限制                   
 
2. 繁琐的中国资质管理系统                      
3. 没有统一的工程总承包合同范本              
4. 没有健全的工程总承包招投标法              
 
为解决以上问题请您能提供一些好的建议或方法： 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
3.8 项目管理系统 
1. 缺乏工程总承包项目的经验                                 
1 2 3 4 5 
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1 2 3 4 5 
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2. 对总承包项目的实施过程不熟悉                        
 
3. 缺乏对总承包项目的风险管理                          
 
4. 项目管理参与的人员过多                          
 
5. 缺乏对项目计划和进度的管理                        
 
6. 缺乏对分包的管理                      
 
为解决以上问题请您能提供一些好的建议或方法： 
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